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ABSTRACT
Thisthesisis aimedonresearchingthecreativityprocessthatis concealedin the
designprocessitself.The followingchapterswill includecertaincreativityconceptsthat
werefilteredout of a varietyof processes.There are certainaspectsto take into
considerationas not only of a creativeprocessbut the progressiveway of following
certainmethodsof design.The first chapterincludessomeexampleson theblocksthat
ceasethecreativityin thedesignprocess.Exampleswill begivento displaytheway of
keepingthecontinuityof thecreativemind.Thesearemethodsthatdesignersusein daily
lifebutarenotawareof its existence.Processeswill be includedin thesecondchapter
thatwill focus on the way of designingand methodsof the designprocess.These
methodswereincludedin orderto givethecreativityprocessanengineeringpull-down
andceaseit fromartisticdispersal.It couldbe seenthatexamplesgivenfroma bicycle
designwill beincludedin all chapters.This is to uphold,andback-upthethirdchapter.In
thischapterthecasestudyof a bicycledesignis included.The processes tatedin the
previouschapterswereusedin theprocessof thebicycledesign.
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INTRODUCTION
Creativityis the utmostimportancein a society.Creativepeoplein such an
environmentbuild up a civilization.Therefore,work resultsin developmenthence
powerexists.Everyliving,breathinghumanbeinghasthepotentialto becreative.Each
humanbeingis a uniqueindividualcapableof creating...it comeswith the human
territory.Manis quiteacreativespecie.Easily to beseenwhenlookedatthedifference
betweenthehumanbeingandanimals.It leadsus to conqueranddirecttheworldwith
ourbrain.
All peoplecanbecreative,butthosewho arerecognizedasbeingcreativehave
anawarenessthatothersdon't.Creativepeopleseemto beableto tunein moreto their
thoughtpatternsandgleangreatideas.Peoplewho do notusetheircreativepotential
don'tknowhowto dothisor aren'tevenawareit is possible.Creativepeoplecanstart
thinkingaboutsomething,thenforgetit. And startthinkingaboutsomethingelsewhile
theyarestillthinkingaboutthepreviousproblem.This is dueto theamountof thinking
thatgoesonin thebrainitself. It isn't controlledbutdoneunconsciously.With all the
"come-and-go-thinking"going on, theirbrainsare still thinkingaboutwhat couldbe
donetosolvetheproblem.Lateron, as life is goingon, thepersonwill startthinking
aboutwhateverwasin mindandhis/herbrainwill informthemindthatit hasthoughtof
theproblemandhashad founda solutionfor this so thatit canbe presentlysolved.
Non-creativepeopledon'tknowthattheirbrainsareworkingfor themoff-shift they
don'tknowwhattheydon'tknow.
Therearemanycomponentsthatinfluencethecreativityof individuals.This is
nottosaythatpeopletremendouslyfluctuatein theircreativitydayto dayandhourto
hour;theoppositeis oftenbelieved- thatsomeindividualsaregenerallymorecreative
mostofthetimethanothers.Thereasonswhysomepeoplearemorecreative,aremany,
theycouldbesummarizedasfollows:
a)Withoutheabilitiesneededto do the creativeact,it is highlypossiblethe
individualwill be on duty thinking. Just becausea personhas the ability to do
1
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something,however,doesnotnecessarilymeanthatthepersonwill do it. This is why
researchersexaminepeople'smotivesthattheindividualis in.
b)Withoutthemotivationto do so,it is unlikelythata personwouldcomplete
anact,regardlessof theperson'sabilities.A socialroleof apersondependsontheouter
effectsthatoccurin thesocialgroupthathe or sheis in. Certaincircumstanceshow
thatapersonwithhighthinkingpotentialcouldbewithdrawnfromtheactjust by the
socialrolethathe is playing.In the designprocessthereis a positiverelationship
betwe.eni telligenceandcreativityfor thedesignerswhoseIQ arelessthan 130.For
IQ'shigherthanthatvalue,thereis no effectof intelligencein theprocessof creativity
indesign.This relationshipneverthelessgoeson for a "so-called"non-creativeperson,
if heisputin agroupof peopleeffectinghimandpushinghimintothedeepswampof
creativityhenhe wouldstartstrugglingoutbyusinghisbrain.
c) Opportunitiesin theenvironmentcanaffectthecreativenessof individuals
andgroupsof individuals.So havingopportunityof beinga suitablepersonin a suitable
placeinasuitabletime,enhancesthecreativityof a designer.
d) If a designerevergeneratesa novel responseto a problemor challenge,
educationaltechnologistsconvincehim in congratulatingoneselfas beingcreative.If
thisis doneon a regularbasis,everyday,thenthedesignerwould put himselfin the
classof "creativepeople".With practice,the designersabilityto generatenovel and
usefulresponsesto problemsandchallengeswill greatlyimprove.
e-)Culture is anotheraspecthatshouldbetakeninto considerationdueto the
backgroundeffecton thedesignersinfluences;a goodexamplecouldbe givenfor the
Italiantrend.Italianshavea very rich historyof art leadingto designsquiteartistic.
WhenItaliandesignsareresearched,it wouldbeseenthatthelineof expressionwould
bedifferentthanothercultures.For instancein theautomotiveindustrytheywould be
saidtobecreativein theartisticway in designing.The Germanswould be saidto be
goodintheiraccuracyin engines.TheBritish,in theirsafetyfor thecabinsof cars.
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f-) Oneaspectof a creativepersonalityis thefluencywith which thedesigner
generatesanumberof newideas.Not onlydoesthecreativepersonthinkof goodideas,
butcanthinkof manyideas,explorethem,andrecordthem.Thereare timeswhen
creativepeoplefeela needto quantifycreativeability.Theygo to a localpsychologist
andaskaboutakinga testto measuretherecreativeability.But hereit shouldbenoted
thatit is importantto recognizethatcreativeabilitycanbelearned,improvedupon,and
increasedovertime.
Most (if notall)peoplearecreativeto variousextents.Somepeopleactontheir
ideasandothersignorethem.Inventorsandartiststakeactionontheirideas.How may
peoplehavesaid"I couldhavedonethat".The responseto thatis ''Well, why didn't
you?"or"Toolate...someone lsethoughtof it first". Einsteindeclaresthatonly5% of
hisdiscoveriesdependon creativityandtheremaining95% goesto thebig shareof
workandpatience.
Thatis thewholepurposeof creativitytraining,it is to developone'sabilityto
generateandimplementnewideas.Differentpeoplehavedifferentlevelsandabilities
ofcreativity,muchlike anythingelsethatis a skill. However,everyonecanbecreative
if theywanttobe.Like otherskills,creativitycanbedeveloped.Oftenpeoplewill think
theyaren'tcreativebecausetheyarebasingtheir opinionon a skill they don'thave;
somebodymayexpressthathe is a lousypainter.But thatdoesn'tmeanthattheycan't
becreativeas a painter,eventhoughtheyhavemadea very badpainting.A lack of
creativityis notwhatis limitingtheoutputasapainter,a film producer,a designeretc.
Creativity,is theabilityto generatenovelresponsesto problemsandchallenges,
inabasichumanability.Somepeopleareencouragedto expresstheircreativeability
morethanothersand may evenget rewardedfor doing so. Artists, in additionto
expressingtheir creativity,also have traits like manualdexterity,good eye-hand
coordinationandotherskills that enablethemto morefull-expressingtheir creative
thoughts.Similarly,athletes,teachers,scientistsandautomechanicshavespecialskills
sethatenablethemto expresstheircreativeideas.
3
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In westernsocietiespeopleseemto assigncertainuniversalhumanabilities,like
creativity,to only a subsetof all people(usuallyartists,musiciansand architects)
makingit moredifficultfor all membersof societyto seethemselvesascreativepeople.
ThisisaWesternmyththatdesignersmustbeawareof andworktoovercome.
On the otherhandeasterncultureshave beenassignedto a lot of creative
thinkingthathasbeenan interpretedsocialbehaviorof need."Need" on its own is
dominanton creativityin designbut not relativelyassignedto be thewhole motive
action.An examplefor creativityis thepipeanyonewould havein Islamic toiletsat
home.This is extremelya "need"baseddesignwhich was a productof a socialfact
basedonthecleaningbehaviorin theIslamicculture.
Somepeoplehaveextraordinarytalentsin fieldsthathavebeenrecognizedas
"creative."Whentheycombinetheseextraordinarytalentswith thedeterminationand
persistencethatit takesto achieveskill mastery,theyarerecognizedascreativeartists.
Inventorsare generallybetterthan averageat channelingtheir creativitytowards
practicalends,whereasartistsarebetteratexpressingthemselvescreatively.
Thereare, however,manyways of being creative.Each individual can be
creativeif herecognizestheuniquetalentsanddevelophimselfto bea masterin those
areas.Thatis no guaranteethatthe world will recognizethe individualbut it does
providethesoulsatisfactionthatcomeswithtryingto livea creativelife. Thus,it canbe
freelyassertthatcreativityis found in all peopleand that creativetalentscan be
increasedwith study.This leadsus to a carefulstudyof designprocessesand there
intellectualimportance.
In generaldesignis thecombinationof processesrangingfromtheeconomical
tothetechnicalvaluesthatconvertraw materials,energy,and purchaseditemsinto
finishedproducts.Designhasalsobeenviewedas a seriesof tasksthatcomplement
eachotherrequiring input from precedenttasks and providing neededoutput to
succeedingones.Nevertheless,thedesignprocessconsistsof a singleprocessmadeup
of manyrelatedtaskssuchas marketdefinition,productperformance,specification,
4
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productmodeling,economICfeasibility analysis, product testing,and production
analysis.
Thisthesiswill be a researchon creativityanddesignwith a casestudyof a
bicycle.Thecasestudywill bewith respecto thisscopeof freedom,andit will standto
beinthemid-pointof bothengineeringandartisticfreedomconcepts.This will include
theventureof designandits wholeprocess,it will be endedwith thedesignprocesses
includedinthethesis.Theoryon its ownmightmeana lot butit wouldnotbethesame
asinpractice.Thecasestudywill beanexampletounderstandtheconnectionof design
andcreativity.The casestudywill be basedon careful analysisof thesedesign
processesincludedin earlychapters.Therearemaincomponentsin a bicyclethatwill
beanalyzed.
Thebicyclewill be a good, fastandeconomicdesignwith comparisonto its
class.In this problemcreativitystagesand obstacles,thatmay occur as the design
processfurtherson, will be included.Theremaybe manyothercircumstanceswhere
certainblocksmay occur. These will be researchedand solved accordingto the
creativityacklingprocessesthatareincludedin thethesisitself Certainmodelswill be
constructedintimeto visualizethedesignasathreedimensionalcasestudy.Theremay
beothermodelingprocessesto be doneby theuseof computeraidedprogramshence
forcingmodelconstructiontimetotheminimum.
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CHAPTER 1
THE NATURE OF CREATIVE THINKING
1.1Definitionof Creativity
To givea startin theconceptof creativityit would be conveniento basethe
phrasesondefinitionsthatwouldbe foundanywhere.Dictionariesaresourcesbutnot
theonlysourceforaninteractiveresearch.
1.1.1Definitionsof Creativityasa Word
Dictionariesgivethefollowingmeanings:
HeritageIllustratedDictionary:
Create:
Creation:
Creative:
To causeto exist,bringintobeing,originate,to giveriseto, bringabout,
produce,to be first to portrayand give characterto a role or part
(appropriatetocreatingfictionalcharactersandwritingstories).
An originalproductof humaninventionor imagination.
Characterizedby originalityandexpressiveness,imaginative.
Otherwords:Creativity: creativity creativeness, formativeness, innovation,
inventiveness,originality, productivity, craftsmanship,authorship,
creatorship.
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OxfordAdvancedDictionary:
Create: Makesomethingnewor original.Giveriseto;produce.
Creation: Productionof thehumanintelligence.
Creative: Having power to create;of creation:l.e. requmngintelligenceand
imagination,notmerelymechanicalskill.
Merriam-Webster,Incorporated
Create: To producethroughimaginativeskill <createa painting>b : design
<creates-dresseS>intransitivesenses:tomakeor bringintoexistencesomethingnew.
Creation:
existence
Theactof creating;especially:theactof bringingtheworld intoordered
Creative: 1 : markedby the ability or powerto create: givento creating<the
creativeimpulse>
2 : having the quality of somethingcreatedratherthan imitated
IMAGINATIVE <thecreativearts>
"Beingcreativeis seeing the same thing as everybodyelse but thinking of
somethingdifferent"
1.1.2Definitionasa concept
Thereare manysignificantmeaningsto creativity,but one definitionwould
includetheabilityto takeexistingobjectsandcombinethemin differentwaysfor new
purposes.Forexample,Gutenbergtookthewine-pressandthedie/punchandproduced
a printingpress.Thus, a simpledefinitionof creativityis the actionof combining
previouslyun-combinedelements.From art,musicandinventionto householdchores,
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thisis partof thenatureof beingcreative.Anotherwayof lookingat creativityis as
playingwiththewaythingsare,interrelated.Creativityis theabilitytogenerateuseful
ideasandsolutionstoeverydayproblemsandchallenges.
Creativityinvolvesthe translationof uniquegifts, talentsand vision into an
externalrealitythatis newanduseful.It mustkeptin mindthatcreativitytakesplace
unavoidablyinsidethepersonsownpersonal,social,andculturalboundaries.
Themorethedesignerdefineshis creativityby identifyingwith specificsetsof
values,meanings,beliefsandsymbols,themorecreativitywill be focusedandlimited;
themorewedefineour creativityby focusingon how values,meanings,beliefsand
symbolsare formed,the greaterthe chancethat our creativitywill becomeless
restricted.
In creativeprocessestherearealwaystwo different(butinterrelated)dimensions
orlevelsofdynamicswithwhichonecancreate:
A- Thesystemwhichmaybea particularmedium(e.g.oil paintingor sketchon
a sheetof paper),or a particularprocess(like a problemsolvingagenda,or
anapproachto creativitylike synectics).The creativepersonmanipulates',
i.e.toa creativeend.
B- Theseconddimensiondescribestheconceptual"content"whichthemedium
describes.Again, the creative person depicts', changes,manipulates,
expressesomehowtheideaof thatcontent.
Thereis no definitionof creativitythatall designerscan agreein. Creativity
researchers,mostlyfrom the field of psychology,usually claim that being creative
meansbeingnovelandappropriate.Subsumedundertheappropriatenesscriterionare
qualitiesof fit,utility,andvalue.
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Thereareat leastfour aspectsof creativitythathavedrawnmuchattention(Linda
Schiffer,1996).
- Thecreativeprocess,receivingthemostattention,focuseson the mechanisms
andphasesinvolvedasonepartthattakesin a creativeact.
- A secondaspectof creativityis the creativeperson.Here, personalitytraitsof
creativepeoplearecentral.
- Theenvironmentaltmosphereandinfluenceareconcernsof a third aspect,the
creativesituation.
- Last,thecriteriaor characteristicsof creativeproductshavebeensought.This
areais of particularimportancebecauseit is the basis of any performance
assessmentof real world creativityand may providea window on the other
aspectsof creativity.
Brieflystated,creativityis oftenthoughtoexistonat leastfive levels:
1. A higherlevelversusa lowerlevel.
2. Grandversusmodest.
3. Big"C" versuslittle"c".
4. Paradigm-shiftingversusgarden-variety.
5. Eminentversuseveryday.
Someresearchersclaimothercategoriesof creativityaswell:
1.Expressiveversusproductive.
2.Expressiveversusinventive.
3.Expressiveversusinnovative.
4.Inventionversusdiscovery.
5.Theoryversusinventionversusdiscovery.
6.Accommodativersusassimilative.
7.Personalversuspublic.
9
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Therearethreegeneralwaysof achievinga creativesolution:
serendipity
similarity
andmeditation
Creativityonitsownmighthavea lotof definitions.Here,all definitionsarenot
onlyorthedesignconceptbutarefor industrialdesigning.In certaincircumstances,it
maydeferforanalternativeview.As it wouldbementioned;creativityis notjust taking
apencilandscribblingon a paperbut it is somethingthatletsthedesignerthinkof in
parallelplanes.A designerfor the industrywouldrathermeana lot for manufacturers
sincealltheinvestmentwouldgo accordingto thedesignerspointof view.Production,
design,consumption,marketing,etc.areall shortcommentson theplanesthatwouldbe
regardingdesignprocesses.Creativethinkingwouldalsobeplaying with theseplanes.
Infuturesectionswewill beanalyzingthethinkinghatsthata designershouldbeaware
ofwhilecreating,e.g.thedesigneroughtto putasidethemanufacturingprocessesuntil
enteringintodeepdesigning,or puttingasidecreativityuntil he findsa solutionfor an
artisticlookoverthedesign.Furtheronwe wouldseetheaspectsthateffecta designer
whilehe/sheis creatingor designing.
1.2.SourcesofCreativity
In thehistoryof explanationson creativitytherehasbeena vastchangein the
meaningof theword.For examplein the 1950'screativitywasthoughtto be nothing
butagift,in the1960's it was lookeduponas if it wasa skill of mentalflexibilitythat
couldbetaughto with time.In the 1970'sattentionwasdrawnto relevantexperience
asa thoughtof beingthe dominantfactor on creativity,and in the 1980's it was
appreciatedto bea kind of motivation.In the 1990's it was seenthattheeffectof the
climatewasagreatdealof effectin creativity.Below aresomesourcesof creativitythat
shouldbetakenintoconsideration(Henry1995,p.8).
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1.2.1.Child Creativity
Innocenceis theclassiccreativityof a child. If theusualapproach,theusual
solution,theusualconceptsinvolvedarenotknown,thendesignersmaycomeupwitha
freshapproach.Also, if knowingtheconstraintsandknowingwhatcannotbedonedoes
notinhibitit, thentheindividualis freerto suggesta novelapproach(deBono 1993,
p43).
WhentheMontgolfierbrothersviewedthefirsthotairballoon,theworldheard
ofthisexcitingevent.It reachedtheking in Paris, who immediatelysawthemilitary
potentialndthencalledfor thechief scientificofficer,M. Charles,and commanded
himtoproduce,a balloon.This considerablescientistbeganto thinkof how theyflew
thiscontraption.After a while,jumpedup with theFrenchequivalentof "Eureka".He
cametoaresultof usingthe"new gas"calledhydrogen,which is lighterthanair. He
proceededto inventthehydrogenballoon,which is a totallydifferenttypeof balloon.
Thisis actuallybasedon anotherdesignbut rathera differentone. In the southof
Swedenagroupof highschoolchildrenwerebroughttogetherby GunnarWessman,
whowasthenchiefexecutiveif thePerstorpCorporation.Accordingto Edward De
Bonohegavethemsometrainingin lateralthinking.Thena numberof governmentand
industrialpeoplewhohadcomefromStockholmto putproblemsto theyoungsters.The
probleminvolvedthedifficultyof motivatingworkersto taketheweekendshift in a
planthatneededto be kept runningover the weekend.In their innocentway'the
childrensuggestedthatinsteadof motivatingexistingworkersit would makesenseto
havea freshworkforcethatalwaysworkedonly Saturdaysand Sundays.Apparently
thisideawastriedoutandthenumberof applicantsfor theseweekendjobs was far in
excessofwhatwasneeded.Adultswouldhaveassumedthatno onewouldwantto do
suchweekendjobs,thattheunionswouldneverpermitit, andsoon. Althoughchildren
canbeveryfreshandoriginaltheycan alsobe inflexibleandtheycan refuseto put
forwardfurtheralternatives.
Thecreativitycomesfromthefreshor innocentapproachratherthantheseeking
foranewapproach.Unfortunately,it is noteasyto keepignorantandinnocentasthe
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humangrowsup.Nor is it possibleto be innocentin one'sownfield.Designersaskthe
practicalpointsthat can come out from the creativityof innocence.On certain
occasions,maturepeoplecouldactuallylistento children.The childrenareunlikelyto
givefull-fledgedsolutions,butif thelistenersarepreparedto pickup onprinciplesthen
somenewapproachesmightemerge.Someindustries,suchasretailingandthemotor
industry,aretraditionallyinbredandfeeltheyhaveall theanswers.Thereis thefeeling
thatanindividualhasto growup in thebusinessto makeanycontribution.Thereis a
pointinsuchindustrieslookingoutwardsandseekingideasfrom outside.Suchideas
mayhavethe freshnessthat cannotbe obtainedfrom insiders no matterhow
experiencedtheymaybe.
Somefirmsin Turkeyareawareof theimportanceof freshideas,thusit maybe
agoodpointosaythattheydo succeedin findingsome.A recentexamplemaybewith
thecompanyVestel.The firm hasan industrialdesigningdepartmentbut althoughthis
couldbeusedit stilltook somemanagerialexecutivesto thinkof new ideasthatcould
comefromotherindustrialdesigningfirms.Vestelboughtdesignsfrom Pinninfarina
andNesneDesignandconsultancyjust forthesakeof freeandfreshideas.
Accordingto De Bono a very importantpracticalpoint concernsresearch.It is
normalwhenenteringanewfieldto readupall thatthereis to readaboutthenewfield.
If it is notdonethenit cannotmakeuse of what is known andthe individualrisks
wastingtimereinventing,thewheel.It canbeseenwhena personmakesanattempto
challengetheseandevento go in an oppositedirectionwhere it can be no longer
innocentof existingideas.There is no chanceof developinga conceptthat is but
slightlydifferentfromthetraditionalconnects.So if competenceis wantedthenthere
mustbeanactof readingeverythingonaroundtheworld of thatcertainsolution.But if
originalityiswantedthenthismustbeavoided.Onewayoutof thedilemmais to start
offreadingjustenoughto getthefeelof thenewfield.Thenthedesignershouldstop
anddoone'sown thinking.When someideasare developedthen continueto read
furthertogetmore.Then stopandreviewthe ideasthathavebeencreatedandeven
developnewones.Thengo backandcompletethereading.In thiswaya personmight
haveachanceto beoriginal.Whena personjoins a neworganizationthereis a short
windowof freshnessthatruns from aboutthe sixthmonthto the eighteenthmonth.
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Beforethesixthmonththenewpersondoesnotyethaveenoughinformationto getthe
feelofthebusiness(unlessit is a verysimplebusiness).Aftertheeighteenthmonththe
personis so imbuedwith the local cultureandthe way thingsshouldbe donethat
innocentfreshnessi no longerpossible.It shouldbenotedthatsomeof themostrigid
businessesaresoftbusinesseslike advertisingandtelevision.In someotherfieldsthere
arefixedregulationsor even physical laws to guide behavior.Becausetheseare
virtuallyabsentin thesoftfields,thepractitionersin suchfieldsinventfor themselvesa
wholelotof arbitraryrules and guidelinesin orderthey could feel more secure.If
everythingispossiblethenthequestionof "howwoulda personknowwhatto do?"will
arise.Therigidguidelinesbecomeestablishedby traditionandpeoplefind themselves
forcedtoworkwithinthesetotallyarbitraryrules.In suchfields,innocenceis usually
dismissedasignorance.
Usingtheinnocenceof childrenin thecasestudywasratheramusingto seehow
theyprovedthemselvesin creativemeans.The researchwas doneon a totalof 1283
studentsfromsixprimaryschoolsin izmir1. Thebelowdiagramshowstheresultsof the
researchthatwasincludedintheCD givenwiththisthesis.
Numbe r
o fAge
C la ssS tu den ts
1 1
5395------
--
1 0 41 2 1
9
------
3 2 8
8
1 7
7
52
TOTAL
283
Thestudentsat that certainagegavegood performance.Only someof the
drawingswereinteresting.Below aresomeexamplesfromthe5thlevel.
I30Agustos,Vali RahmiBey, SaadetEmir, Q1kabey,Me~kureSamll,UmurBeyPrimarySchools.
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1.2.2.Attitude:
Problemsolving, is a powerfultool apartfrom its value as a techniqueto
generateimaginativeideas,creativeproblemsolvingcanalsobea veryusefulapproach
inmultidisciplinarygroups.The principlesof acceptingall ideasandtakingideasfrom
eachparticipantinturn,endsupwithbuildingonothersideas,lookingfor whatis good
andusefulineverysuggestion,hencethisforcesgroupmembersto listento eachother
andgiveallpartiesa hearing.Examiningproblemsin somedepthin this way means
manydifferentperspectivesemergeandparticipantseehow a badideacanact as a
springboardforthefinal solution(Henry1994,pI2).
Theeffectof thiscanbeclearlyseenwhenparticipantsrespectothersideasand
canbuildonthemastheyfurtheron in theirdiscovery.Listeningbecomesanattitude
andadisciplinethatmotivatespeopleto useothersmindsandtakesthemasto bea part
oftheirownmind.Participantsfeelthefreedomwhencreatingandgeneratingideas,no
matterwhatkindof ideait is.
Thistechniqueis builton a conceptfirst takenby (Guildford,1967).It wasthe
attemptthatwasmadeto measurecreativityin people;a batteryof testswasconstructed
andcarefullyanalyzed.Outof thiswork cameconceptsof "convergent"and"divergent
thinking"thatwereconcernedwith a particularesult.The thinkergathersinformation
andthenproceeds,by usingproblem-solvingrules.Pleasereferto section2.2.3.The
resultofconvergentthinkingis usuallya solutionthathasbeenpreviouslyarrivedatby
someoneelse.Convergenthinkingis not the type of thinkingpeopleprimarilyuse
whentheythincreatively.
Thecharacteristicof divergenthinkingis the varietyof thoughtsinvolved.
Whenthinkingcreatively,peopletendtothinkin a divergentmanner,thushavingmany
variedthoughtsabouta problem.Divergentthinking includesautisticand some
convergentthinking.Autistic thinking is a kind of thinking that involvesa higWy
privatevarietyof thoughtsthatmayusesymbolswith verypersonalmeanings;dreams
areanexampleof autisticthinking.On theotherhandconvergentthinkingis a solution
basedthinkingprocessthatonlydealswiththesolutionof theproblem.
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1.2.3.Experience
Whenlookedbackat creativepeople,otherthandesigner,whetherthey are
chessplayers,musicians,businessmenor scientists,it maybe seenthatstudieshave
emphasizedtheroleof relevantexperience.Studiesshowthatcreativeexperts,tackle
problemsdifferentlyfromothers.It seemsthatastheybuildup theirexperience,they
organizetheirknowledgein evermoresophisticatedwayswhichmeanstheycanaccess
key-cuesmorequickly.Accordingto Weiseburg(1986,p67),a personneedsa ten-year
timetohavean exceptionalcreativeworth. When analyzed,the lives of successful
businessmend pendontheonlywayout,whichis fromtimingandexperience,andthis
isnotactuallybasedoncreativity.
Thecreativityof experienceis obviouslythe oppositeof the creativityof in
innocence.Withexperiencethingsareknownof how theywork.From experience,the
thinkingof creativemeanschangesto the onethatwill succeed,andthatwill sell.
Examplesofbicyclesdonein Bisancompanyin izmir areincludedin AppendixB.
Thefirst mode of operationof the creativityof experienceis "bells and
whistles."Theideathatworkedso well beforeis tarted-upwith somemodificationsin
ordertoletitappearasa newidea.This is quiteoftenthesortof productdifferentiation
talkedaboutinclassiccompetitivebehavior.
Thesecondmodeof operationof thecreativityof experienceis "sonof Lassie."
If somethinghasworkedwell beforethenit can be repeated.If the film Rocky has
workedthenwhynothaveRocky II. andthenIII. andevenIV andV, This strategy
coverscopying,borrowing,and "me-too"products.A new style in advertisingwill
immediatelyspawnmanyimitators.This typeof creativityis very commonin North
America,wherethereis considerablerisk aversion.If it is knownthatsomethingworks
thenit isbetterto repeatit againratherthantry somethingnew.This is becausethe
personalcostsof failureareso high.An executiveis only as good as his or her last
action.Thismakesforopportunismratherthantrueopportunitydevelopment.Turkeyin
"metoo"productionis ratheratreasure.Whereeverlooked,theproductionthatmaygo
16
oninfirmsmostof thetimeis basedonthissystem.Hereit maybementionedthatthe
Turkishsystemof copyinghasbeena valid factof compleximitation.However,thisis
beingpracticallyavoidedin somecircumstanceas the laws and sellingdepartments
drivemanufacturerstobeoriginal.As a countrydevelopsit maybevitalto seeabstract
developmentindesigns.Japanin thehistoryof transportationdesignstartedtheconcept
of"metoo"butastimepassedby it is one of thebiggestpioneersin transportation
design.
Thethird modeof operationof the creativityof experienceis disassembly
followedbyre-assembly.Thingsthatareknownto workarepackagedasa product,for
example,anelectronic-productsuchas a remote-controller.When the time comesto
haveanewproduct,theoriginalpackageis takenapartandtheingredientsrepackaged.
inadifferentway.Usuallytheingredientsaremixedaroundamongstdifferentpackages
sothecombinationsarealwayschanging.The creativityof experienceis essentially
low-riskcreativityandseeksto builduponandto repeatpastsuccesses.Most product
creativityis of this sort. There will be a steadyand reliableoutputof moderately
successfulcreativity,butnothingnew.If someonewereto thinkof something"really
new"thenit would be rejectedbecausetherewould be insufficientevidenceto
guaranteeof thesuccessthatis needed.Manufacturingis basedon profitmostof the
time.
1.2.4.MOTIV AnON
By contrast,Amabile (1983) arguesthat neitherthe possessionof mental
flexibilityor relevantexperiencesaresufficientfor creativityto flourish.Ratherthat
creativityemergeswhenthereis a combinationof thesefactorsalongwith intrinsic
motivation,thatis,wherepeoplearedoingwhattheywantto do. Sowhilstchancemay
favorthepreparedmind,motivationseemsto be an equallyimportantfactor,just as
goodameasureof the level of creativity.She arguesthatthe designerneedsto be
intrinsicallymotivatedto drivethepersistenteffortneededfor a creativeoutcome.If
reallycaredaboutsomething,it is doubtedthatthedesignerwill bepreparedto persist
longeratit,andtakemorerisksto achieveit. Both perseveranceanda capacityfor risk
takingisseentobenecessaryfor creativeattributes.Thecreativityof motivationis very
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importantbecausemostpeople,who areseenasbeingcreative,derivetheircreativity
fromthissource.
Motivationmeansbeingwilling to spendupto fivehoursaweektryingto finda
betterwayof doingsomethingwhenotherpeopleperhapsspendfive minutesa week.
Motivationmeanslookingfor furtheralternativeswheneveryoneelseis satisfiedwith
theobviousones.Motivationmeanshavingthe curiosityto look for explanations.
Motivationmeanstryingthingsoutandtinkeringaboutinthesearchfornewideas.
Oneveryimportantaspectof motivationis thewillingnessto stopandto look at
thingsthatnooneelsehasbotheredto look at. This simpleprocessof focusingon
thingsthatarenormallytakenfor grantedis a powerfulsourceof creativity,evenwhen
nospecialcreativetalentis appliedto thenewfocus.This is so importanta pointthat
shallbedealtwithlaterunderthechapterof creativetechniques.
Withalltheaboveit couldbeconcludedthatmotivationmeansputtingin time
and effortandattemptingtobecreative.Overtime,thisinvestmentis seento payoff in
termsofnewandcreativeideas.
A lot of what passesfor creativetalent is not much more than creative
motivation-andthereis nothingwrong with that.If the designercan thenadd some
creativeskillstotheexistingmotivation,thecombinationcanbecomepowerful.
Atthispointmotivationis tobenotedin twomainways.Oneis theextrinsicand
theotherisintrinsicreinforcement.Pelein sometimeof his brightlife noted; ''I don't
actuallyenjoyfootballas muchas I usedto. It's just a way to makea living, andI'll
stoplayingif theyrefuseto paymewhatI'm asking".
Designersengagein certainbehaviorsfor intrinsic reasons(for reinforcement
thatheycanprovidefor themselves)or extrinsicreasons(for reinforcementhat
designersreceivefromothers)(Smithp308).A researchwith bothcollegestudentsand
childrenindicatesthat extrinsic reinforcementcan indeed undermine intrinsic
reinforcement(Deci1975).
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Industrialdesignstudentsthataredueto a high levelof studyandwork would
wantsomeextrinsicreinforcementas theystarttherelife of design.As the designer
(student)continueson,it is vitalthathewoulddevelopan intrinsicreinforcementwith
time.
1.2.5.TUNED JUDGEMENT
Thereisadifferencebetweenaphotographeranda painter.Thepainterstandsin
frontofthecanvaswithpaints,brushes,inspirationandproceedsto painta picture.The
photographerwandersaroundwith a camerauntil someparticularsceneor object
catcheshisorhereye.By choosingtheangle,thecomposition,thelighting,andso on,
thephotographerconvertsthe"promising"sceneintoa photograph.
Thecreativityof '1unedjudgement"is similar to the creatIvItyof the
photographer.Thepersonwithtunedjudgementdoesnotinitiateideas.Thepersonwith
tunedjudgementrecognizesthepotentialof an ideaat a veryearlystage.Becausethat
person'sjudgementis tunedto feasibility,themarket,andthe idiom of the field, the
personpicksuptheideaandmakesit happen.
Althought issortof creativityseemsto lacktheglamourandegosatisfactionof
theoriginatorf ideas(deBonop47),in practiceit maybe evenmoreimportant.An
ideathatisdevelopedandputintoactionis moreimportanthananideathatexistsonly
asanidea.Manypeoplewho haveachievedsuccesswith apparentlynew ideashave
reallyborrowedthebeginningof theideafrom someoneelsebuthaveputthecreative
energyintomakingtheideahappen.
Theabilityto seethevalueof an ideais itselfa creativeact.If theideais new
thenitisnecessarytovisualizethepowerof theidea.Peoplewho developideasin this
wayshouldgetasmuchcreditasthosewhoinitiateideas.
Designmanagementis also a greatdeal of effecton the creativityprocess..
Definingmanagementandits role on the designeror the role of the executivesis
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important.The role would be definedas the processundertakenby one or more
individualsto co-ordinatetheactivitiesof othersto achieveresultsnot achievableby
oneindividualctingalone.In thedesignprocess,managementmayalsobedoneby the
industrialdesigner.Heretunedjudgementis seento bethepatriotof creativity.Therole
simplyis to seetheproductsfuturebeforeevenstartingthedesigningandgoing into
deeprocessesanddetailedatastructuring.
1.2.6.CHANCE, ACCIDENT, MISTAKE, AND MADNESS
Thehistoryof ideasis full of examplesof how importantnewideascameabout
throughc ance,accident,mistake,ormadness.
Tradition,whichis a summaryof history,is goingalongin onedirection.Then
somethinghappens,whichcouldnothavebeenplanned,andthistakesthinkingoutin a
newdirectionandanewdiscoveryis made.
Manyof theadvancesin medicinewere the resultof accidents,mistakes,or
chanceobservations.This also existsfor design.The first antibioticwas discovered
whenAlexanderFlemingnoticedthata moldcontaminationof a Petridish,seemedto
havekilledallof thebacteria;thuspenicillinwasborn.Pasteurdiscoveredtheprocess
ofimmunologywhenanassistantmadea mistakeandgavetoo weaka doseof cholera
bacteriato somechickens.This weakdoseseemedto protectthemagainstthe fuller
dosethatwasgivenlater.
Columbusonlysetof to sailwestwardto theIndiesbecausehe was usingthe
wrongmeasurements. He was using the measurementsderived from Ptolemy's
erroneousmeasurementof the circumferenceof the globe. He had beenusing the
correctmeasurements,which had beenworked out by Eratosthenes(who lived in
AlexandriabeforePtolemy),Columbuswouldprobablyneverhavesetsailbecausehe
wouldhaveknownhisshipscouldnothavecarriedsufficientprovisions.
Insomeways(deBonop47),thewholeof theelectronicsindustry(about$150
billionayearin Japanalone)dependedon a mistakemadeby Lee deForrest.Lee de
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Forrestnotedthatwhena sparkjumpedbetweentwo spheresin his laboratory,thegas
flameflickered.He thoughthiswas dueto the"ionization"of theair. As a result,he
proceededto inventthetriodevalve (also knownas thevacuumtubeor thermionic
valve)inwhichthecurrentobeamplifiedis appliedto a gridandso controlsthemuch
largercurrentpassingfromthefilamentto thecollectorplate.This inventionprovided
thefirstrealmeansof amplificationandgaveriseto theelectronicindustry.Beforethe
inventionofthetransistorall electronicdevicesusedsuchvacuumtubes.It seemsthat
thewholethingwasamistakeandthatthegasflameflickeredbecauseof thenoisefrom
thesparkdischarge.Thisslightfaultcamea majoreffectin thedevelopmentof design.
Mistakes,anomalies,thingsthatgo wronghaveoftentriggerednew ideasand
newinsights.Thisis becausesucheventstakethedesigneroutsidetheboundariesof
"reasonableness"withinwhichit is normallyforcedto work. Theseboundariesarethe
acceptedsummaryof pastexperienceandtheyareveryjealouslyguarded,particularly
bypeoplewhoarethemselvesratherunlikelyto havenewideas.Apparent"madness"is
asourceofcreativitywhena personcomesup with an ideathatdoesnot fit current
paradigms.Thereis heavycondemnationof theidea.Most of theideasaremadanddo
goaway.Butsometimesthenewandmadideaprovesto berightandtheparadigmhas
tobechanged,butnotbeforethereis fierceoppositionfromthedefendersof theold
paradigm.Soatfirst we geta pointthatarisesthequestionof thepracticalpointfrom
thepowerfulsourceof creativity.Shouldor nota designermakemistakeson purpose.
Onepracticalpointis to paycloseattentionto mistakesandanomalieswhenthingsdo
noturnoutashadhoped.
Thesecondpracticalpointis thedeliberateuseof provocation.The techniques
ofprovocationallowthecreatorto be mad,in a controlledway, for 30 secondsat a
time.Inthiswayhecanachievethoseboundaryjumpsthatotherwisehaveto dependon
chance,accident,mistake,andmadness.
The below figure shows how the boundariesof past expenenceand
"reasonableness"turnback thinking.These boundariescan be jumped by chance,
accident,mistake,madness-ordeliberateprovocation.
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Mistake
Chance
Thinking
Provocation
Figure1.2.6.Boundaryof reasonableness
Thereis a furtherpracticalpointthatariseshere.Individualsworkingon their
owncanholdanddevelopideasthatareat first "mad" or eccentricand only later
becomeacceptable(deBonop50).If sucha personis forcedto workwitha groupfrom
anearlystagethenit mightnotbepossibleto developsuchideas.This is becauseof the
''reasonableness''ofthegroupthatwill forcethenewideabackwithintheboundariesof
acceptability.
Cultureswhichrelyheavilyongroupwork (suchasItalyandtheUnitedStates)
maybeatadisadvantagein this regard.Countrieslike theU. K., with its traditionof
eccentricindividualsworkingawayin comers,mayhavean advantage.That is why
M.l.T.I.inJapanfoundthat51%of themostsignificantconceptbreakthroughof the
twentiethcenturyhadcomefromtheUK andonly21percentfromtheUnitedStates,in
spiteofthemuchlargertechnicalinvestmentof theUnitedStates.
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Ithastobesaid,however,thatthecomplexitiesof modernsciencemakeit much
moredifficultfor individualsto contribute.Cross-disciplinaryteamworkmay be
essentialforideadevelopmentin thefuture.Therefore,thereis apevengreater_n~edto
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developthedeliberateskillsof provocation.Or theskills of brainstorming,;'asj,twould
bementionedintechniquesandtoolsfor creativityin thecomingchapter
1.2.7.Climate
Studiesof creativityatwork (s~chasEkvall, chapter72) h~veemphasizedthat
certainorganizationalclimatesaremuchmoreconduciveto creati.vijythan,oth~rs.The
morefavorableclimatesaremoreopen;t4~ygiyeemployeesfreedp~andre~pobs~bility
. I " .••' .•...•• 1.. "1 -.
fortheirwork,tolerateratherthanpunishmistakesandmakea"p9illtqf n~f41~i~!lnew
ideas.Thebelowtable(Table 1.2.a.Studiesof creativityat work) shows contrast
characteristicsthatEkvall foundin innovativecompanieswith creativeclimateswith
theclimateinstagnatedcompanies.
Dil1l~nsion
Challcnge
Irccdolll
I.i\clin~ss
()p~nness
Idca I iIll\.?
\ lood
Conniels
Support
Ikbal\.?s
Risk laking
Innovati\'~
i\lorc Crcati\e
Enjoyable. energetic
Independent initiatives
E"ciledlv busv
Trusting. failure accepted
"01T-tas"" play
Ilappy, humorous
Handled \\ith insight
People listen
Ideas voiced
Fast decision, action
~
Less creative
Alienated, indjt1'erent
Passi,'e.rule bound
Boringly 510\\
Suspicious. punished
Little "()fT-tas"" pIa)'
Serious, dull
Warfare
Negative and critical
Little questioning
Cautious. safe
.1
Tablel.2.a.Studiesofcreativityatwork
1J HemyandD. WalkerManaging Innovation
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Manycompaniesnow incorporatecreativeprinciplesinto companypolicy.For
example3M,a companywith 30%of productsnewlydevelopedin thelastfive years,
hasasystem,whichruns to find theinventorsandnevergetin theirway.They allow
researchers15%of theirtimeto pursuetheirown projects,HewlettPackard'sresearch
had90% of post-itpads and super conductivematerialsemergedfrom projects
conductedwithresearchers'freetime'.
Climateis importantbecausemotivation,and throughthis performance,are
affectedbyenvironment.It is a psychologicaleffectthatpeoplewill not take risks
unlesstheyfeelsafeandvalued.If peoplefeelthreatenedtheyreactmoredefensively.
Initiativesliketotalqualitymanagement,whicharetryingto documentandcontrolthe
processofcreativeimprovement,arefacing an uphill battle,thatcannotLegislatefor
creativity,ithastobetrusted.Not thateverythingis in theeasywaylookingbutin open
andcreativeclimates;Typically people find they need to allow more time to
communicatewi hsuchother.Workingin multidisciplinaryteamswith peoplewho do
notagreewithyouandhaveotherconcernsis boundto beuncomfortablefromtimeto
time.However,it seemsthattherearefew alternativesin runninginnovative,creative
companiescaringorganization.
Theneteffectof thesechangesin theworkplaceis a moveto a morehuman
formoforganization.A morecaringcomefrom theprincipleof organizationwhenit
becomesoneofcommitmentratherthancontrolandthetraditionalmechanismsof fear
orconformity(Table1.2.b.).Punishingpeople,who makemistakes,are replacedby
approachesd ignedto natureandempowerpeopleandideas.The belowtableis to
showacomparison.At the sametime, it is seeingmovesaway from an unceasing
emphasisoncompetitionto a greaterappreciationof the benefitsof collaboration.
esternorganizationsarebeginningto seethe advantagelong appreciatedby their
Japanesecousinsindevelopinglongtermpartnershipswith a few suppliersratherthan
merelyacceptingthelowestender.
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Table 1.2.b.Theorganizationaltype,climateandorganizingmechariism
lJ. LATERAL THINKING TOOLS AND TECHNIQUES OF CREATIVITY
1.3.1.THE SIX THINKING HATS
owdoyougettimefor creativethinking?
o caD youasksomeoneto makesomecreativeeffort?
o doyoustopsomeonefrom beingpersistentlynegative?
doyou encouragepeopleto look at thebenefitsof an idea?
o doyouexpressyourintuitionandgutfeelingin a seriousmeeting?
Thesix thinkinghatsmethodis extremelysimplebutit is powerfulsimplicity.
Therewasa breakfastmeetingin Tokyoto launchtheJapanesetranslationof
thebookSixThinkingHats.3
UtIle, Brown,NewYork, 1986, andalsoleer,New York. Publishedin Londonby PenguinBooks.
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At thismeetingwerethe chiefexecutivesof someof thebestknownJapanese
corporations,i cludingMr.HisashiShinto,whowaschiefexecutiveofNIT (NipponTelephone
andTelegraph).He hadjustbeenchosenasJapanesebusinessmanof theyearfor his featin
privatizingthisgiantorganization.At thattameNIT had350,000employeesandin stock
marketvaluationwasworthmorethanthetopfiveUS corporationsputtogether.Mr. Shinto
likedtheideaof thesixhatsandaskedhisexecutivesto readthebook.I methimagainsix
monthslaterandhetoldmethemethodhadhadapowerfuleffectonhisexecutiveswhowere
nowmorecreativeandmoreconstructive.Heaskedmetogivea talktogivehisboardandalso
tothetopmanagersin NIT. In 1990,IBM usedthesixhatmethodaspartof thecoreof their
trainingfor their40,000managersworldwide.The methodis widelyusedby Du Pont,
Prudential,ndmanyothermajorcorporations.It is usedbecauseit is practicalandmakesa
difference.
Itwouldbeconvenientto introducethismethodfor designersincemostof the
creativitys demandedin initial stagesof creativity.This is to be usedin thecreative
processandtogivea goodcontrolon the improvementof creativitywhile designing.
Belowarethesixthinkinghattechniquesthatwouldbeusedactuallyin groupsolutions
(deBonop77).Thedesignercanalsodothispersonallywhile in thecreativityprocess.
a.WhiteHat
Thinkingwhitepaper,which is neutralandcarriesinformation.The whitehat
bas todowithdataaidinformation.What informationdoesthe designerhave?What
informationis missing?Whatinformationwouldbe neededin thefuture?How would
thedesignergetheinformation?
Whenaskedforwhitehatthinkingat a meetingit is askingthosepresento put
uide theproposalsandargumentsand discussdirectlyon the information.For the
moment everyoneat the grouplooks to seewhat informationis available,what is
Deeded,andhowitmightbeobtained.
Thisstageis to convincethedesignerto preparethedatafor-neededto design
IIMl explore.Thisstageis alsousedin engineering.Engineeringproblemsarealways
toalotofproblemsolving.To actuallystartthe processor solutionprocessthe
qineer needstherightamountof datathatwouldbeusedto solvetheproblem.For
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instance,whenanengineeris aboutto designanair-conditioningsystemfor a roomor
buildingheshouldhavethe correctdatato furtheron his engineeringand problem
solving.Thedatathatis neededwouldbe therOOIttSsize,wall thickness,construction
material,veragetemperaturetc.Thenit wouldberightto goonthenextstagewhich
wouldbeproblemsolving.
Theindustrialdesigner,has to havethe sameinformationto go on creative
processes.If a designeris tryingto createa remote-controllerhewould wantto know
theapproximatedimensionsof the PCB, the numberof batteries,the size of the
batteries,thenumberofleadsthatwouldbeusedetc.(Figure1.3.1).
input
(Figure1.3.1)
b. RedHat
~1 D_a_ta_e_va_l_u_a_ti_o_n_
Continuing
problemsolving
Thinkingof thecolorred,fIre andwarning.Theredhathasto doWithfeelings,
intuition,hunches,andemotions.It is a seriousmeetingthatthe individualsare not
supposedtoputforwardtheiremotions,but·peopledo thisby disguisingtheirmotions.
Theredhatgivespeoplepermissionto putforwardtherefeelingsandintuitionswithout
apology,withoutexplanation,andwithoutanyneedto justify them.The followingare
someexamples:
·..Puttingonmyredhat,thisis whatI feelabouttheproject.
· .. My gut-feelingis thatit will notwork.
·..Idon'tlikethewaythisis done.
· .. My intuitiontellsmethatpriceswill fall soon,
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Becausetheredhat"signals"feelingsassuch,theycancomeintothediscussion
withoutpretendingto beanythingelse.Intuitionmaybea compositejudgmentbasedon
yearsofexperiencein thefieldandmaybeveryvaluableevenif thereasonsbehindthe
tuitioncannotbe spelledout consciously.It shouldalsobe saidthatintuitionis not
alwaysright,andit canbewrong.It is sometimesvaluableto et feelingsout intothe
open.
c.Black Hat
It isthethinkingof a judgewearingblackrobeswho comesdownheavilyon
wrong-doers.Theblackhatis the"cautionhat". Theblackhatpreventsdesignersfrom
makingmistakes,doingsilly things,anddoingthingswhich mightbe illegal.theblack
hatisforcriticaljudgment.The blackhatpointsoutwhy somethingcannotbe done.
Theblackhatpointsoutwhysomethingwill notbeprofitable.
·..Theregulationsdonotpermitusto dothat.
... Wedonothavetheproductioncapacityto meetthatorder.
·..Whenwetriedahigherpricethesalesfell off
·..Hehasnoexperiencein exportmanagement.
Mistakescanbedisastrous.Noneof thedesignerswouldwantto makemistakes.
Forthis,theblackhatis veryvaluable.It is the mostusedhatandpossiblythemost
usefulhat.At thesametimeit is veryeasyto overusetheblackhat.Somepeoplefeel
thati isenoughtobecautiousandnegativeandthatif usedit woldpreventall mistakes
thatwouldleadto success.Designerswouldhaveto givemuchof theirattentionto the
foredoomingproblemsthatwould awakein the future.It is easyto kill creativeideas
withearlynegativity.Wine is fine but overuseof alcoholcanturn a personinto an
alcoholic.It isthesamewiththeblackhat.Thehatis veryvaluablebutoveruseof it can
beaproblem.
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d.YellowHat
Hereadesignershouldthinkof sunshine.Theyellowhatis for optimismandthe
logicalpositiveviewof things.Theyellowhatlooksfor feasibilityandhow something
canbedone.Theyellowhatlooksforbenefitsbuttheymustbelogicallybased.
·.. Thismightworkif we movedtothecustomers.
·.. Thebenefitwouldcamefromrepeatpurchases:
·.. Thehighcostof energywouldmakeeveryonemoreenergyefficient.
Theblackhatis muchmorenaturalthantheyellowhatbecauseit wouldneedto
avoidmistakesanddangerfor survival.Yellow hatthinkingoftenrequirea deliberate
effort.Benefitsarenotalwaysimmediatelyobviousandit mightbenecessaryto search
forthem.Everycreativeideadeservesomeyellowhatattention.
e.GreenHat
Vegetationandrichgrowth.Thegreenhatis for creativethinking.Thegreenhat
isfornewideas.Thegreenhatis for additionalalternatives.Thegreenhatis farputting
forwardpossibilitiesand hypotheses.The green hat covers "provocation" and
"movement".It requestscreativeeffort.
·..Weneedsomenewideashere.
·..Arethereanyadditionalalternatives?
·..Couldwedothisin a differentway?
'" Couldtherebeanotherexplanation?
Thegreenhatmakesit possibleto askdirectlyfor a creativeeffort.The green
batmakestimeandspaceavailablefor creativethinking.Even if no creativeideasare
forthcoming,thegreenhatasksfor thecreativeeffort.
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f. BlueHat
Herethedesignershouldthink of thesky as an overview.The bluehat is for
process-control.Thebluehatthinksaboutthethinkingbeingused.Thebluehatsetsthe
agendafor thinking.The blue hat can ask for other hats.The blue hat asks for
summaries,conclusions,anddecisions.Thebluehatcancommentonthethinkingbeing
used.Belowareexamplesof statements:
... Wehavespentfartoomuchtimelookingfor someonetoblame.
·..Couldwehavea summaryof yourviews?
·.. I thinkweshouldtakealookatthepriorities.
·.. I suggestwetrysomegreenhatthinkingto getsomenewideas.
Thebluehatis usuallyusedby thechairpersonor theorganizerof themeeting,
butotherparticipantscanput forwardsuggestions.The bluehat is for organizingand
controllingthethinkingprocesssothatit becomesmoreproductive.Thebluehatis for
thinkingabouthinking.Designers,while on theirown, should usethis hatto control
theircreativityhinkingandto putit in anorderlymatter.This hatis alsoanimportant
factorindesigningcreativitysinceit has the over viewing of the whole conceptof
designingcreativityatonce.
Insteadof argumenthe Westerntraditionof argumentinsiststhat designers
shouldtrytomoveforwardby meansof positiontakingandargument."A" hasa point
ofviewand''B'' disagrees.The ensuingargumentis supposedto give adequate
explorationofthesubject.Too oftentheprotagonistsgetlockedintotheirpositionsand
becomeoreinterestedin winning or loosingthe argumenthan in exploringthe
Ilbject.Thesixhatsmethodallowsto getrightawayfrom argumentin orderto get
IOOreproductivediscussions.Both"A" and''B'' canweartheblackhatatthatsametime
tofindoutthedangers.Both "A" and "B" can wear the yellow hat to explorethe
possibilities.Insteadof adversarialthinkingthereis cooperativeexploration.That is
why themethodhasbeenso eagerlytakenup by thosewho haveto run meetings.At
thereisawayofbreakingfreefromthetraditionalargumentsystem.
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Egoandperformancein thinkingaretoo closelyboundtogether.Thereis vital
informationtheattitudesof peoplewho do not like anideathattheywill makeand
gointoanyeffortto find pointsin favor of the ideaor vice-versa.The hatmethod
separatesegofromperformance.The thinkeris challengedto usethedifferenthatand
actuallyexperiencea senseof freedombecausethethinkeris no longerlimitedto one
position.
Persistentnegativityis theeffectthatis on somepeoplewho arecautiouswith
thenaturalfactandfeelingthat theyhaveto putforwardthepossibledangers.In a
normaldiscussionthereis nothingto stopa personbeingpersistentor negative.With
thehatsystemthereis sampleopportunityto benegativeattherightmoment(underthe
blackhat)butatothertimesnegativityis outof place.In thiswaythenaturaldominance
oftheblackhatis reduced.If a personis beingnegative,he would informthathe is
goodatblackhatthinking;He would ask for somemoreof it. Then aftera while
someonewouldsaythattheyhavehada lot of blackhatthinkingandwould vote for
greenhatthinking.The black hatwearermustnow keepquietor makea greenhat
effort.
Spacefor positiveand creativethinkingin theyellow andgreenhatsmakeit
possibletoallocatetimefor deliberativecreativeeffortandsoapositiveeffort.
It is notnaturalto allow timefor creativity.It is not naturalto allow timefor
positivethinkingunlessdesignershappento liketheidea.But oncedoneit wouldmake
thedeliberateeffort.This effortcanbewell rewarded.Thenaturalflow of thinkingand
discussionallowsinsufficientimefor creativeeffortunlessanideaimmediatelycomes
tomindandinsufficienttimefor apositiveeffort.
In thegamethemorea designerinvestsin thesix hatmethodas a "game"the
morepowerfulthemethodcomes.Peoplefeelvery foolish if theyareseennot to be
playingthegame.If everyoneis makinga yellowhateffortthenthepersonwho comes
outwithsomeblackhatcommentfeelsout of place.If theparticipantsinvestin the
game"usingthehatcolors"whenit is notreallyneededthenthemethodis availablefor
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usewhenit is reallyin need.Fierceargument,crisis,conflicts,dogmaticviews,andso
on,
Notcategoriesis perfectlytruewhensomepeoplearemuchbetteratonetypeof
thinkingthanothers.It is perfectlytruethatsomepeoplearemuchmorecomfortable
withonetypeof thinkingratherthananother.But it wouldberightto emphasizevery
stronglythatthe hatsare not categoriesor descriptions.It would be wrong for a
designerto considerhimself"theblack hat thinkerin the group".Or 'lhe greenhat
thinkerin thegroup".That is exactlythe oppositeof the purposeof the six hats.
Everyonemustmakean effortto useall of thehats.Whena groupis doinggreenhat
thinkingtheneveryoneis wearingthegreenhatatthattime.If a personchoosesto keep
quietatalltimesotherthanwhenhisor herfavoritehatis in usethenthatperson,canbe
askedirectlyfor some"greenhatviews"or "yellowhatviews."
Theprocessis ratherdifficultastheindividualor designerdoesit onhis own.It
mightlooksimplefor a groupof designerswhentheyareall at thesametablebut it
wouldnotbethesamefor a onepersongroup.The differenceis thatthegrouphasfor
instancefivepersonsto act in the discussionand anyone of the group would say
anythingatanytimewithoutanycontrolandrestriction.Thedesignershouldhavethis
bedoneallinhismind.It is thesameasdrummersdowhiletheyareplayingthedrums.
Astheygetthe rhythmthey part the mind to controlthe handsand feet. On the
sequentialbeatof thesongthedrummerwould feel like havingfour peopleplayingat
thesametime.Thedesignershouldtakethis factintoconsiderationwhile applyingthe
hatechnique.
It isonlytooeasyto seethehatsascategories.They arecategoriesof thinking
behavior,butnotof people.Just as everygolferneedsto attempto useall clubs, so
everythinkermustattemptouseall sixhats.
Occasionaluseis themostfrequentuseof thehatsis the"occasional"use.This
meansthathedesignerwouldaskfor onehatata time.This is to requeston a certain
type of thinkingor to changeit out. Before the use of the hat, thereis a normal
discussionandaftertheuseof thehatthereis againanormaldiscussion.A singlehatis
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usedasaconvenientwayto switchthinking.Thegroupmembercanaskanotherto put
onortakeoffaparticularhat.Canannouncethatheor sheis puttinga particularhat("I
amputtingonmyblackhat,therearedifficultiesI foresee")He canaska wholegroup
toputonaparticularhat"I thinkit is timewe hadsomegreenhatthinking..We need
somenewideas".
Thegreatvirtueof thesix hatmethodis thatit canswitchthinkingimmediately
andwithoutoffense.If will tell someoneto stopbeing"so negative"that personis
likelytobeoffended.But if it is askedif thatpersonwouldtrytheyellowhatthenthere
isnooffense.
Afterawhilethesix hatsbecomepartof corporatecultureandareusedfreely
andautomaticallyto askfor differentypesof thinking.
Systematicuse are times when a group, or an individual,wants a quick
explorationof a subject.This canbecloneby puttingtogethera formalsequenceof the
hatsandthengoingthroughthem,oneby one,spendingaboutfourminutesoneachhat.
Thereis noonecorrectsequencebecausethe sequencewill vary with the subject,
whetherithasbeenconsideredbefore,andwho is doingthethinking.Thereare formal
guidelinesthatmayhelpto selectthe sequence.For example,it is usefulto use the
blackhattowardstheendto seekout difficultiesand dangerandto seewhetherthe
proposedideais viable.This shouldthenbe followedwith thered hat,which allows
someonetosay:"In itspresentformthisideawill notwork,butI still feeltheideahas
potential.Soletus try to find a way of makingit work". This allows a feelingto
preventto aldismissalof anideathatin itspresentformis notusable.Theseguidelines
wouldonlybe confusingat this point becausereaderswould be forevertrying to
rememberthecorrectsequence.The guidelinesaremoreproperlygivenin the formal
trainingontheuseof thesix thinkinghats.For practicalpurposesit is enoughto agree
onasequencethatseemssensibleandthento useit. This givesgood results.Unless
thereissomeobstacle,gap or hold-upthinkingand actionflow alongsmoothlythe
brain workstomakelife easymakingthingsroutine.To formpatternsof thinkingand
behaviorandthen usethesepatterns.This makesgood survivalsenseandthebrain
doesanexcellentjob of whatit is supposedto do.Creativeattitudesandmotivationcan
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bebuiltupby exhortation,by praisingtheresults of creativityby showingexamples,
andbygeneralinspiration.Creativeattitudescanalsobeestablishedin a morereliable
mannerwithsuchsimpletechniquesasthe"creativepause."
1.3.2.THE CREATIVE PAUSE
Unlessthereis someobstacle,gap,or hold-up,thinkingandactionflow along
smoothlythebrainworksto makelife easyby makingthingsroutine.It formspatterns
ofthinkingandbehaviorandthenusesthesepatterns.This makesgood survivalsense
andthebraindoesthejob of whatit is supposedto do.
Creativeattitudesandmotivationcanbebuiltup by exhortation,by praisingthe
wonderfulresultsof creativity,by showing examples,and by generalinspiration.
Creativeattitudescanalsobe establishedin a morereliablemannerwith suchsimple
techniquesasthe"creativepause."
Creativeeffort at various points emphasizingthe importanceof asking for
creative" ffort"couldbe seen. The greenhatis a formalway of askingfor creative
"effort"duringameeting.I havesuggestedthat,insteadof rewardingcreativeresults,it
makesmoresenseto rewardcreativeeffort. It cannotdemandthat someonehavea
brilliantidea.Butcandemand(request)thatapersonmakea creativeeffort.
Oncetheeffortis there,resultswill eventuallyfollow. Oncetheeffortis there,it
canaddskillstotheeffortby formaltrainingin lateralthinkingtechniques.Thecreative
pauseisthesimplestof all creativetechniques,butit canalsobepowerful.Thecreative
pausehouldbecomea mentalhabitfor anyonewho wantsto becreative.The creative
pauseisthesimplestwayof makinga creativeeffort.
Thepauseis noproblem.Thereis no hold-up.But pausein theminditselfand
thinkingsolelybecauseit is wantedto bedone.Thepauseis notin reactionto anything.
Thepauseistheresultof yourintentionto pause.In someplacesthismightalsobesaid
tobetheincubationprocess. ----:-.-~~-~
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''Thereshouldbeanewideahere."
''Therecouldbeanewideahere."
"I wanttopausetothinkaboutthis."
If a designerdoesnot payattentionto somethingthenhe is unlikelyto think
aboutit.Thecreativepauseis an interruptionin thesmoothflow of routinein orderto
paydeliberateattentionatthepoint.
Whystophere?
Whynotthere?
Whynoteverywhere?
Thereneedbe no reasonat all for stoppingat a certainpoint.It is betterthat
thereshouldbenoreasonbecauseoncethedesigneris lookingfor reasonsthenhewill
onlypausewhenthereis reasonto pause- thatwould destroythewhole purposeof
creativepause.It is quitetruethattherearetimeswhenthethinkermaysensesome
possiblevalueor opportunityor may be that somethingis being done in a very
complicatedway.Thoseare legitimatereasonsfor a creativepause,but the creative
senseshouldnotdependon legitimatereasons.The creativepauseis very simple,but
thatdoesnotmeanit is easyto do so.It requiresa lot of disciplineto haltthesmooth
flowofthoughtfora creativepause.
Motivationbringsup the questionssuch as; which comes first? Does the
designerstopfora creativepausein orderto bemotivated,to becreative?Or, doeshe
becomeotivatedto becreativesothathedevelopsthedeliberatehabitof thecreative
pause?Itcanworkbothways,buttheredoeshaveto betheinitialmotivation;otherwise
apersonwouldneverbotherdevelopthehabit.
Hereit is importantto emphasizethat the "creativepause"is a deliberate
process.It isnottheresultof somesuddeninspirationthathasbeenfollowedthrough.
Pausingisdonebec~usetheindividualwantsto do so.In orderto makea creativeeffort
thisprocessisdone.Thereis an intentionto beingcreative.
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Hopeis an importantpartof creativityandhopeis also relatedto excitement.
Thereisthepossibilityof a newideaif theeffortto pauseis concernedto be a stage.
Theindividualcanwalk quickly alongthe countryroador canpauseto look at the
wildflowersby theroadside.If hewalksquicklyalongtheroadhewill not noticethe
wildflowersunlessthereis a spectaculargroupingof them.But if aneffortto makea
pauseisdoneandattentionis paid to theflowers,hemayberewardedby theirsimple
beauty.Whyshouldthis stagebe done?Why shoulda personhold thingsup? Why
shouldhewastetime in an effort thatis likely to be futile?The answerto all these
questionslies in an appreciationof the "investment"natureof creativity.Certainly
cannotguaranteethateverycreativepauseis going to be productive.But as it is
continuedtoinvestin creativeefforttherewardswill startto flow. If no seriouscreative
effortisdonethenit is ratherunlikelythattheindividualis goingto getanynewideas.
Ifnotimeisspentgardeningthencertainlynooneis to growagarden.
Obviouslythecreativepauseshouldnot be allowedto interferewith the main
purposeofthethinkingor meeting.Thepausemaybepersonal:"I wonderif therecould
beadifferentwayof doingthis?"Thepausemayinvolvethegroup:"Let'sseeif there
areanyotheralternatives."The pausemayonly be momentaryandno one elseneed
evenotice.
Theuseof creativepausearisestwo questionsof ''whathappensin thecreative
pause?"and"how long shouldthe pausebe?". Thereis no needto use any of the
systematictoolsof lateralthinkingin thecreativepause.The creativethinkermaylook
quicklyforsimplealternativesbutthatis aboutall. The mainpointof thepauseis to
giveattentionto somethingand to place that pivot in the mind being worthy of
attention.As thepersonbecomesmoreskilledat creativethinking,evena shortpause
maysuggestabetterwayof doingthings.If a streamis temporarilyblocked,thewater
mayquicklyfindnewchannelsof flow. Sometimesthemereinterruptionof thequick
flowofthoughtcanopenup newlinesof thought.The pauseassuchhasa value.The
valueofthepauseis notthatit allowsusto doanythingduringthatpause.If it is paused
wheneatingthensavoringthetasteof whatis beingeatenwill go on. If it is pausedin
thinkingthenit will attendmorecloselyto thepointatwhichis paused.If it pausedata
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roadjunctionthenthesignpostscouldbe read.If it is drivenpastthejunctionat high
speedthenthedriverwill haveno ideawherethesideroadsmaylead.
Therearesomeoccasionswhenit is importantothinkquicklybuttherearealso
occasionswhenit is muchbetterto think slowly. Creativityis one of the occasions
wherethinkingslowly is an advantage.As with drivingslowly,thedrivercan notice
things,hecanpayattentionto things.Insteadof beingobsessedonlywith theultimate
destination,hecanexaminetheway you to gettingthereandnotethepossibilityof
differentroutes.The pauseshouldnot be long. Nor shouldcudgelthe brains in a
detenninedeffortto comeupwithanewidea.Just pausingtothinkandto wonderfor a
moment(perhapstwentyto thirtysecondsasanindividualandtwominutesasagroup)
andthengoandmoveon. The personalwaysreturnsto thepoint laterif hewishes.
Thereisnopressureto getan-instantresult.The creativepauseis anendin itself In
fact,itisbetternotto suavetoo hardat eachcreativepause,becausethenthepauses
willbecomeburdensomeandit will be lessinclinedto makethem.The pausesshould
bealmostcasual.It is almostlike saying,"Thatis interesting,"andthenmovingalong.
Althoughthecreativepauseinvolvesbothfocusandintention,thereis a clear
distinctionbetweenthesimplecreativepauseandthepickingoutof animportantfocus
areafollowedby a determinedandsystematicattempto generatenew concepts.The
deliberatedefinitionof a focusandthesustainedapplicationof creativeeffort(whether
ornotthesystematictools of lateralthinking are involved)is a differentorderof
magnitude.
Evenasapersonlistento someonetalkinghecanbemakingcreativepausesor
creative"attentionpoints"with regardtowhatis beingsaid.
Proactive is so much of humanthinking that may be said to be reactive:
respondingto requests,solvingproblems,overcomingdifficulties.Thereis little time
foranyotherthinkingandlessmotivationto give self additionalthinkingtasks.The
creativepauseis animportantproactivethinkinghabit.It is a briefpausein whichthe
thinkersays:
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"I wanttonoticethat."
"I wanttopayattentiontothat."
"Thatneedsthinkingabout."
"Isthereanotherpossibilityhere?"
"Isthattheonlywayof doingit?"
If a personor an organizationputs any value on creativitythen that value
justifiestheproactivecreativepause.The pauseis a simpletechnique.The pauseis a
wayofbuildingup a creativeattitude.Thepauseis a way of turningcreativeattention
intoahabit.Thepauseis a concretewayof showingcreativeeffort,atleasttooneself if
notoothers.Thecreativepauseis aninvestmentin creativityandaninvestmentin the
buildingupofcreativeskills. It is importanto realizethatthecreativepauseis a simple
andlightprocedure.It shouldneverbeturnedintoaheavychallengeor demandingtask.
1.3.3. PROVOCA nON
Einsteinusedto carryoutwhathecalled'1houghtexperiments".He wouldsay:
"WhatwouldI seeif I weretravelingatthespeedof light?"
Thechildwho placesoneblock uponanotherto seewhathappensis canying
outanexperiment.Provocationhaseverythingto dowithexperimentsinthemind.
In earliersections,it wasdescribedhow manyimportantnewideascameabout
throughchance,accident,mistake, or madness.All these provided a sort of
discontinuity,whichforcedus outsidetheusualboundariesof reasonablenessthathad
beenestablishedby experience.With deliberateprovocation,there is a systematic
methodthatcanproducethesameeffect.A designerdoesnothaveto wait for chance,
accident,ormistake.He canbetemporarilymadfor just thirtysecondsat a time in a
controllablefashion.Switchingabout,canletthemadnessonandoff aswished.Thatis
whyprovocationis sucha fundamentalaspectof lateralthinkingandof creativityin
general.
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Consideringriverpollution.4
Po: thefactoryis downstreamof itself
Thatis a provocation.It seemsutterlyimpossible.How couldthefactorybe in
twoplacesat once?Here the symbolicword "po" is used to indicatethat this is
intendedasaprovocationandnotasa serioussuggestion(theoriginandnatureof "po"
willbedescribedlater).
Fromthis provocationcomesa considerationof the input and outputof the
factory.Itwouldbenormalto takein waterupstreamandputouteffiuentdownstream.
Theprovocationsuggeststhatit mightbe legislatedthatif a factoryis built on a river
thentheinputmustbedownstreamof theoutput.Sothefactoryis thefirstto sampleits
ownpollutionandmustthereforebemoreconcernedto minimizeeffiuentpollution.In
hindsightt isideais perfectlylogical.Therewassomediscussionabouthowto handle
anewbicycle.Someoneputin aprovocation.
Po, wesellit to ourcompetitors.
Thatprovocationledto a changein thenormalwayof handlingsucha product,
andahugereductionin developmenttime:
Po,carsshouldhavesquarewheels
Po,planeshouldlandupsidedown
Po,lettershouldbeclosedaftertheyhavebeenposted
All theabovestatementseemhigWyillogical andimproper.In fact,theyare
perfectlylogicalstatementsinthecontextof apatterninginformationsystem.
4 SeriousCreativity (De Bono)
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Thedefinitionof aprovocationis5:
Witha provocationtheremaynotbea reasonfor sayingsomethinguntil
afterithasbeensaid.
Thiscontraststronglywith normalthinkinghabits,whichmustbea reasonfor
sayingsomethingbeforethatthingis said.With a provocation,thestatementis made
andtheeffectof thatstatementwill providetheretro-justificationmakingthestatement.
Atfirstit mightseemthatprovocationis simply a scattergun approachin which
anythingis said,thatcomesto mind;The hopethatsomethingmightjust proveuseful.
Tosomextent,hisis thewaybrainstormingis usedby somedesigners.Suchapproach
wouldbeweakandverywasteful.
Provocationis a logicalnecessaryin anyself-organizingsystem.Mathematical
papershavebeenwrittentothiseffectSuchsystemsgo intostablestates.A provocation
introducesin tabilityandallowsa newstablestatetobereached.
Thebrainformsasymmetricpatternsas shownin the brain in figure 1.3.3.a.
Humorccurswhenit is takenfromthemaintrackanddepositedattheendof theside-
track.Fromtherethepersoncanseehiswaybackto thestartingpoint.Creativityoccurs
exactlyhesameway.But how do peoplegetacrossfromthemaintrackto theside-
trackisaquestion.This is wherethesystematicprovocationmethodsof lateralthinking
comein.
IDeBono·SeriousCreativity
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Humor
Fig1.3.3.aAsymmetricPatterns
Figure1.3.3.b showshow to setup a provocation,a concept,an ideathatdoes
notexistinexperience.Sothisprovocationliesoutsidethepatternsof ourexperience.
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Fig l.3.3.bSetting-upProvocation
Provocation
Figure 1.3.3.cshows how we then "move" from the mam track to the
provocationa dthenon to the side-track.Onceon the side-trackthe individualcan
tracehiswaybacktothestartingpointandto openuptheside-trackasanewidea.
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Fig1.3.3.cMovingfromthemaintrack
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Movement
hereis no magicin theprocess.In chemistry,if a chemistwantsto movefrom
onestablecompoundto anotherhe mayhavefIrst to moveto anunstablecompound
whichthenre-stabilizesasthenewcompound.In physics,thechangingof an atomic
configurationmaygothroughthesameunstablestep.
In normalthinking,eachstepthatis takenis fIrmlybasedontheprecedingstep
(verticalthinking).Whenarrivedata solutionthenthevalidityof thatsolutionis proved.
bythevalidityof everystepthathasbeentakenfromthestartingpointto theend.This
step-by-justifIed-stepprocessis illustratedin fIgure1.3.3.d
S
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Figure1.3.3.dStepBy StepSolution
In provocation,themoveis fromthestartingpointto anarbitraryprovocation.
Then"move"onfromtheprovocationto anideaor concept.Thevalidityof thisresult
caneverbejustifiedby how to gothere.But if lookedbackto thestartingpoint(the
problemortheareaof concern)it maybeseenin hindsight,howthenewpositionhasa
realvalue.If thisvaluecanbe shown,logically,in hindsightthenthevalueis just as
usefulas if it had been achievedthrougha successionof valid steps.Hindsight
justificationf anideais everybit asvalid to anyotherformof justifIcation.But why
doesadesignerneedto usethe''jump''methodwhile creatinga newdesignmaybe a
question."Is it necessaryto haveto justify by working backwards?"may also be a
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phrasetobethoughto£ If thecreatoris havingagoodtimeof creationwhygo backone
stepandstartfromthere?It mightbe simpleto saythatif a personcoulddo this,he
wouldbedoingwhattheyhavedoneyearsago(in theOttomanEmpireas it was said
'1hearmyuseto go two stepsaheadandonestepback").Thereasonis verysimple.In
anypattern-formingsystemthedesignerhasto taketheestablishedpatternforwardat
anypoint.So theestablishedor traditionaline of thinkingtakesforward.Thereis no
choiceandheis notevenawareof otherpossibilities.It is onlyby workingbackwards
thatis ableto openandusetheseothertracks-whichhavebeentherethewholetime.
Thisprocessis shownin figure1.3.3.e.
To putthisprocessin a validexampleof designingmightseemasif it is notthe
righthingto doatthatpoint.However,it maybe ratherinadequateto go on. It is the
rightwayto go backas mentioned,beforegoingon anotherstep.For instancewhen
designinga productlike a "scanner"the designeris only havingan imaginationof a
devicethata book is put on and it scansjust as the photocopymachines.The
provocationherethatshouldbedonewouldbe ''whyputa bookon it andnot putit in
thebook?".Thisphraseletsthedesignergo onestepbackbuthestill is lookingonthe
problemfromanotherpointof view.Today,asmaybeseen,therearea lot of scanners
thatareputonthebooksor pictures(atgreatsizes)andthescannerworkson its own
whileitrolesonthepicture.(Figure1.3.3.£)
~._._._._._._._._._._._._._._.-
Figure1.3.3.eWorkingBackward
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Figure1.3.3.£
Thepurposeof theprovocationis preciselyto getoutof theusualmain-trackof
thinking.Fromtheprovocationit is seenthatgoingon to find a newpointwhich in
hindsightseemsto offervalue.If it is theescapefromtheestablishedmaintrackthatis
soimportant.The brain has to work to establishthe main tracks.That is the very
essenceoftheexcellenceof thebrain.At thesametimeit needswaysof gettingoutof
thosemaintracksin orderto becreative.Thatis whyprovocationplayssocentrala role
inlateralthinking.
a.Provocationand Hypothesis
Thegreatvalueof the"hypothesis"mechanismallowsthedesignerto guessan
underlyingmechanism.This guessthenprovidesdirectionand a frameworkfor the
thinkingofthesituation.A provocationalsoprovidesa novelframeworkfor lookingat
things.But a provocationgoesmuchbeyonda hypothesis.A hypothesistries to be
reasonable.A provocationusuallytriesto be 'unreasonable"in orderto jerk thinking
outofitsusualchannels.
Thebrainseeksto reach,justify, and provea hypothesis,which thenmoves
frombeinga guessto beinga provisionaltruth.It neverseeksto reachor justify a
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provocation.Neverseekto provethatsquarewheelswould beusefulon a car or that
planeshouldreally landupsidedown. It seeksto getto a useful ideathat is quite
separateanddifferentfromtheprovocation.The provocationis just a way of getting
there.Andthedesignerwouldusethisbrainto getthere.
Bothhypothesisandprovocationseekto changeperceptions.A hypothesiseeks
toguideourperceptionsin a certaindirection.A provocationseeksto takeperceptions
awayfromtheirusualdirection.
Bothhypothesisandprovocationarespeculationsthatareconstructedin minds
andthenusedto improvethinkingabouta situation.Both hypothesisandprovocation
arepartof the activeprocessandarequitedifferentfromanalysis.Analysis looks at
whatisthere.Provocationandhypothesisbothbringin somethingthatis notthere.
b.Two-StageProcess
Theformalanddeliberatetechniqueof provocationis a two-stageprocess.The
fITststageinvolvesthesettingup of theprovocationThe secondstageinvolvestheuse
oftheprovocationto moveforwardto a usefulnew idea.Obviously,the first stage
precedesthesecondstagewhenit comesto applythe techniqueof provocation.The
sequencehastobe:
I.Choosingthecreativefocus
2.Settinguptheprovocation
3.Usingtheprovocation
In practicalterms,however,it makessenseto learnhow to use provocation
beforel arninghow to set them up. In this way a person knows how to use
provocation'swhenheleanson howto setthemup.Therewouldnotbemuchpointin
settingupstrangelookingprovocation'swithoutanysenseof how to usethem.This
generalprocessof learningbackwardsis very powerful and very logical and is
describedelsewhere.
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Using provocation'sinvolvesa specialmentaloperationcalled"movement".
This is an activementaloperation.It is also completelydifferentfrom judgment.
Movementis an operationd we haveto learnandpracticein orderto buildup skill s
fluency.
Whenwe haveconsideredtheoperationof movementw canproceedwith the
methodsof settingupprovocation's.
1.3.4.BRAINSTORMING
There is one type of task in which the combiningof the independently-
produced-productsis not a problemnamelythesimpleproductionof ideas.A classic
examplewouldbe advertisingmenthinkingup namesor slogansfor a newproduct.
Separatelyproducedlists of ideascan simply be addedtogether,with duplications
eliminated.Therehavebeena numberof comparisonof the effectivenessof people
workingaloneversusseparatelyto generateideas.Most of thesestudieshavebeen
concernedwiththetechniqueof "brainstorming".
Brainstormingwas first describedby Osborn(1957),an advertisingexecutive,
whoclaimedthatmoreideascouldbeproducedby agroupthanby thesamenumberof
independently-workingindividuals.As longascertainprincipleswerefol~owed:
,
1- Ideasarefreelyexpressed,withoutregardto quality.
2- Criticismof theideasproducedis notpermitted;
3- Ideas,whicharevariationsof previouslyexpressedideas,areencouraged.
a.ResearchonBrainstorming:
Contraryto Osborn'scontention,in 9 of 12 experimentscomparingsetsof
individualsworkingindependently(under brainstorminginstructions),with actual
brainstorminggroupsthe individualsproducedmoreidea (Lammand Trommsdorff,
1973).In theotherexperimentsno differenceswere found.The notionthatgroups
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sacrificequantityof ideasby producingideas of higherquality supportedby the
evidence.
In theirreviewof thebrainstormingliterature,LammandTrommsdorff(1973,
p370)considerseveralpossibleexplanationswhy peopleproducefewerideastogether
thanseparately.The mostcommonexplanationis that;in groupspeoplesuffer from
socialinhibition,a fearof negativeevaluationsof the othermembers.Althoughthe
brainstorminginstructionsrule out explicitcriticism,a membermay still hold back
ideasfor fearthattheotherswill considerthem"stupid","nonsense"or "worthless".
However,postex-perimentalself-repartsof subjects(Bouchard,1969p23;Collaros&
Anderson,1969,p161)indicatelittle if any inhibitiondueto fearof othermembers'
evaluations.Furthermore,whensubjectsin groupswerelateraskedindividuallyto list
anyideaswhich theyhadnot expressedin thegroup,very few inhibitedideaswere
produced(Collaros& Anderson,1969).Thus, cansafelyrejectsocialinhibitionas an
explanationf rtheinferiorityof idea-generationi groups.
Anotherpossiblereasonwhy groups producefewer ideasthan individuals
workingaloneis simply that in a group everyonecannottalk at the sametime.
Listeningto others'ideas,evenwithoutattemptingto evaluatethem,takesup time,
whichcouldotherwisebei.e.votedexclusivelyto thinkingupone'sownideas.
Finally,it canbecannotedthattwo of theprimesourcesof groupeffectiveness
onothertypesof tasks,namelythecombinationof skills andthedivisionof labor,are
notpossiblein thesimpleidea-generationtask.Indeed,in this typeof taskit is likely
thatgroupsituationmayinterferewiththemaximumuseof member'sdifferentskills.
(Taylor,Berry,andBlock p30) suggesthatbrainstormingroupsmaydevelop"one-
trackthinking".An ideaproducedby one membermay stimulateothermembersto
deviseotherideasof thesametype,butin theprocesstheymayneglectotherpossible
typesofideas.
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b.GroupSize
If two headsaregenerallybetterthanone,thenthequestionof quantityoccurs.
Hereit couldbe askedif e.g.it would be betterto havethreeindividualsin a group
insteadof two? Would a largergroupbe moreeffectivethana smallerone? Steiner
(1972)concludesthatformosttasksgroupproductivityincreaseswithgroupsizeupto
acertainpoint,afterwhichit levelsoff andthendeclines.A largetaskgrouphascertain
advantagesovera smallgroup.Largegroupsgenerallyhavegreatermemberesources.
Ontheotherhand, largegroupshavedifficulties in the areasof organizationand
motivation.Beyonda certainsize, the disadvantagesout-weighthe advantages,and
grouperformancedeclines.
Advantagesof Large Groups
Thepotentialproductivityof a groupgoesup whenmoremembersareadded.
Themoremembers,thegreaterthetotalpool of groupresources(information,skills,
etc.).Fortasksthatcanbedividedinto a numberof subtasks,themoremembersare
available,thelesswork anyonepersonmustperform.However,therearelimitsto the
potentialdvantagesof dividinga taskinto parts,sincethe morepartsthereare,the
moredifficultit will be to assembletheminto a satisfactorywhole.For thosetasksin
whichadivisionof laboris notpossible,veryoftentheeffectivenessof thegroupwill
dependonthemostcompetentperson.
Disadvantagesof Large Groups
One major disadvantageof large groups is the increasedproblem of
organizationa d coordinationof the members.These organizationalproblems,
moreover,increasemore and morerapidly as group size increases,The larger the
membership,themoretimemustbe spentdecidingwho doeswhat(assumingthata
divisionf laboris impossible).If a taskconsideredwhich canbe easilybrokeninto
twosubtasks,thenif thegrouphastwo members,thereareonly two possiblewaysto
matchsubtaskswith members.However,with threemembers,thereare six possible
assignmentsof membersto two subtasks,and for 4 members,20 different
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arrangements.Furthermore,the morecomplexthe division of labor,the greaterthe
chancethatsomememberswill be assigneddutiesfor which theyhavelittle ability.
Also,thelargerthegroupthemoredifficultit will beto monitorhowwelleachmember
isperforminghisjob.
Main Task
Group Member
1
Group Member
2
Group Member
3
Group Member
4
Besidesproblemsof organizations,thelargegrouptendsto sufferfroma lossof
membermotivation.Onesourceof thelack of involvementin largegroupslies in the
ideaof diffusionof responsibility,which designershave.The lessan individualfeels
thathisperformancewill affectthetotalgroupproduct,thelessincentivehewill have
toworkhard.Furthermore,poor performanceis less visible and less likely to be
punishedin a largegroupthana smallgroup.Onestudy(Wicker, 1969)foundthatthe
largerachurch,thelessactivewasthetypicalmember,andthelesscriticalhewasof
non-activemembers.In designgroupsas in Vestel it is seenthatthe individualsget
moretimetoputontheirthoughtsasin crowdedgroups.Designersattendmeetingsata
maximumof 7 whereit would be a good chanceto put in ideasat an extreme.The
meetingof agroupgoesonwiththebrainstormingtechniqueanddesigners,engineers
etc.putonall ideasatanyextent.
Anotherreasonfor the lower involvementin largegroupsis that whatever
rewardsthegroupmayreceivefor successfultask performancemustbe distributed
amongmorepeople.The largerthe group,the smallerthe "slice of the pie" each
memberr ceives.Finally,thelargerthegroup,thelessopportunityeachmemberhasto
participatendinfluencethegroup'sdecisions.
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OptimumSizesof Groups
Determiningtheoptimumsizeof a taskgroupis noteasy.Boththenatureof the
taskand the abilities of the membersmust be taken into account.Slater (1958)
measuredthesatisfactionof membersof discussiongroupsvaryingin sizefromtwo to
seven.Themembersofjive-persongroupsexpressedthegreatestsatisfactionwith their
groupsize.Dissatisfactionwith largergroupscenteredon organizationalproblemsand
lackof opportunityto participate.The membersof smallergroupsmayhavefelt that
theylackeda sufficientlywide rangeof viewpointsto analyzethe discussiontopic
satisfactorily.
Figure 1.3.4.summarizesthe effectsof group size on productivity.Potential
productivityincreasesteeplyas newmembersareaddedto thegroup,but eventually
levelsoff Problemsof organizationand motivation,on the other hand, become
progressivelygreateras the group becomeslarger (Figure 1.3.4.a).Subtractingthe
organizationalandmotivationallossesfromthepotentialproductivitygivestheactual
grouproductivity(Figure 1.3.4.b.).At a certainpointtheselossesbeginto offsetthe
gainsof increasedpotential,andtheresultingactualproductivitypeaksanddeclines.
Finally,if wedividetheactualgroupproductivityby thenumberof members,we find
thatheaverageactualproductivityper member(Figure 1.3.4.b.)decreaseswith
increasedsize.
c.GroupCompositionandPerformance
How do the individualqualitiesof the membersof a task group affectthe
group'sperformance?As before,whenwe consideredgroupcompositionin relationto
satisfactiona dcohesiveness,we shallnot be concernedwith the averageindividual
levelof a particularcharacteristic,but ratherwith the relationshipsamongmember
qualities.Howdovariouscombinationsof qualitiesaffecttaskperformance?
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ProblemswithResearchor GroupComposition
Steiner (1972) points out certain inherent difficulties in research on
composition.The mostcommonresearchstrategyhasbeento constructsomesimilar
(homogeneous)groupsandsome
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productivity
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Figure1.3.4.a-b-cEffectsof groupsizeonproductivity
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dissimilar(heterogeneous)groupsandto comparethe performanceof the two type
However,by manipulatinghomogeneityc onedimension,we mayat thesametimet
.manipulatinghomogeneityon otherdimensions.For example,groupswhosemember
aresimilaron levelof anxietymayalsobe similaron extroversion-introversionand
dissimilaron intelligence.At thepresentime,it stillhasa veryincompleteideaof what
individualqualitiestendto "go together"in people.Sincedesignerscannotmeasureor
manipulatevariableswhich mightbe relevant,designerscanseldombe surethatthe
variablesthathavebeenusedcomposeheterogeneousandhomogeneousgroupsarethe
truecausesof any observedeffect.In spiteof thesemethodologicalproblems,some
conclusionscan be drawn from the researchevidence.Creatorswill first consider
heterogeneityof ability;andthenheterogeneityof personality.
Heterogeneityof Abilities
Althoughtwo groupsmayhavethesameaveragelevelof ability,theymaystill
differgreatlyin the heterogeneityof ability levelsof their members.According to
Steiner's(1972) theoreticalanalysis,the particulartask determinesthe effect of
heterogeneityof abilitieson groupperformance.The moreheterogeneousthegroup's
abilities,themorecompetentwill bethebestmemberandthelesscompetentwill bethe
worstmember.Thus,for thosetaskswhichcanbeperformedaloneby onecompetent
member,suchasthestatisticalanalysisfor ourresearchteam,heterogeneityof abilities
isanadvantage.On theotherhand,sometasksdependfor successon an adequate
performancefrom all the members;one low ability performercan spoil the total
product,asintheperformanceof a musicalgroup.
Formosttasks,sometypeof divisionof laboris possible.Heterogeneitycanbe an
advantagein thesecasesprovidingthatnoneof the subtasksassignedto low-ability
membersis criticalfor thesuccessof thetotalgroupeffort.The idealgroupwouldbe
composedof specialists,eachmemberhavingcertainhighlydevelopedskillswhichthe
othermemberslack,asonafootballteam.Heterogeneityhaseffectssimilarto thoseof
increasedsize:Potentialproductivityis usuallyboosted,butproblemsof organization
andmotivationmaydevelop.Whenall memberspossessequalskills,who doeswhatis
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relativelyunimportant;however,withheterogeneousabilities,theproblemof matching
memberswith subtasksappropriatetotheirabilitiesbecomescritical.
d. Groupthink
Oneconsequenceof toogreatalevelof cohesivenessin decision-makingroups
isthatcriticalthinkingwill be replacedby whatJanis (1972)hastermed"groupthink."
Whengroupthink occurs,arguesJanis, loyaltyto thegroup,its norms,and its past
decisionsreplacethe realisticconsiderationsof alternatives.Group think is likely to
appearduringcrisis situationswhen membersof the groupare experiencingsevere
stress.Anotherfactorpromotinggroupthinkis thesharingof thesamesetof valuesby
allthegroupmembers.In both encounterand problem-solvinggroups,too much
homogeneitycan be harmful to the group's efforts by restrictingthe variety of
viewpointsavailable.
The lack of conflictresultingfrom groupthink is not dueto the usualgroup
pressuresforconformity.Membersarenotsomuchafraidof punishmentfor expressing
deviantviews;rather,theyseldomhavedeviantviewsin thefirstplace.Loyaltyto the
groupresultsin the immediateapprovalof anyproposalfavoredby the leaderor the
majorityof thegroup.The emphasison agreementandharmonypreventsthe careful
weighingof prosandcons.
Janishasanalyzedin greatdetailthe deliberationsof governmentleadersin
situationswheregroupthinkledto disastrousdecisions,for example,theVietnamWar,
theBayof Pigs invasion,andthePearlHarborattack.He hasidentifiedeightprimary
symptomsof groupthink. Membersof groups sufferingfrom groupthinksharean
illusionof invulnerability,which leadsthemto be overlyoptimistic.This feelingthat
"oursidecan't lose" causesmembersto disregardclear warningsof danger,as
demonstratedbyAmericanofficialsignoringmanyindicationsthatJapanwould attack
PearlHarbour.If a warningsignalcannotbe ignored,it can be explainedawayby
meansofvariousrationalizations.For example,theevidencethatJapanwould attack
Hawaiiwasdiscountedby assumingthatJapan'sleaderswould neverstarta war with
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theU. S. whichtheyknewtheycouldnotwin. Sincegroupthinkingmembersbelieve
thattheirgroup is inherentlymoral,the moralityof its decisionsnevercomeinto
question.The enemy, and especially its leaders,are characterizedin terms of
stereotypes.The opposingleadersareassumedto beweak,stupid,andimmoral.The
enemy'sweaknessandlackof intelligencemakeshis defeatinevitable,whilehis lackof
moralitymeanshe cannotbe trustedin negotiations.Self censorshipis another
characteristicof groupthink.Memberstendto keepquestionsaboutthewisdomof the
group'spoliciesto themselves.Becauseof this reluctanceto expressdoubtsandthe
assumptionthat silencemeansagreement,the group suffers from an illusion of
unanimity.Certainmembersmayassumetherole of "mindguards"who protectthe
groupfromexposuretoadverseinformation.
Janisoffersa numberof specificrecommendationsfor preventinggroupthink.
Theleaderof thegroupshouldexplicitlyencouragecriticismof policiesandproposals.
Theestablishmentof severaldifferentpolicyandplanninggroups,all workingon the
sameproblem,enableseachto serveasa checkontheothers.Groupmembershould
discussthe group'sdeliberationswith the subordinates,who often have available
informationwhichtheir superiorslack.Outsideexpertsshouldbe invitedto sit in on
someofthemeetingsandoffertheircomments.Onemembershouldplaytheroleof a
"devil'sadvocate,"arguingagainstthe group eventhoughhe really agreeswith it.
Decisionscan be madein stages,ratherthan madeand then never reviewedor
challenged.
1.3.5.MOVEMENT
Movementis anextremelyimportantmentaloperation.It is centralto thewhole
ofcreativity(deBono,p5I). It is almostimpossibleto be creativewithouthavingsome
skillat"movement".Yet, movementis not a normalpart of our thinkingbehavior
except,erhaps,inpoetry.In poetryit is movedforwardfromimagesandmetaphorsto
meaninga dfeelings.
Thebrainactsasa self-organizingsystemwhichallowsincominginformationto
lIgaIlizeitselfaspatterns,tracks,channels,sequences,andsoon.This is why thebrain
56
doessuchajob of allowingthedesignerto copewith thecomplexworld around.This
patterningbehavioris not in anysensea defectof thebrain.On thecontrary,it is the
. mainstrengthof thebrainasaninformationmechanism.
Perceptionis the originalformationand subsequentuse of the patterns.This
involves"recognizing"the appropriatepatternsand beingsurethat follow alongthe
patternis done.This is wherejudgmentcomesin. Judgmentis an essentialpart of
perception.
Thereis judgmentthatis exercisedconsciously,aswith ajudgein courtor with
a teachermarkinga paperor an industrialdesignerchoosingfrom amongstsome
texturesfor a product.As mentionedbefore this might be called "the black hat
thinking".But thereis alsothejudgmentthathappensautomaticallyandunconsciously
inthebrain:"whathavewehere?".So it mightbealsonamedas"greenhatthinking".
Judgmenthastwo mainroles in perception.The first role is to find, identify,
match,orrecognizetheappropriatepattern.This happensalmostautomaticallybutmay
needtobehelpedby consciousanalysiswhichbreaksdowna situationintomoreeasily
recognizableparts.
Thesecondrole of judgmentis to besurethatthedesignerdoesnotwanderof
thejudgmentrack. It pointsout the mistake,the wandering,the deviation,or the
mismatchandhastensback to the establishedtrack.This secondaspectof judgment
dealswiththerejectionof ideasthatarewrongandcontraryto experience.
If provocation'suchas "carswith squarewheels"or "planeslandingupside
down"arepresentedto judgmentthen clearly they are, and should be, rejected
immediately.Judgmenthasitsjob to doandshoulddo it properly.''Blackhat"thinking
shouldbe"efficientblackhat"thinking.It is atthispoint,andfor obviousreasons,that
teachersof creativethinkingstarttalking about "suspendingjudgment","deferring
judgment,""delayingjudgment,"and so on. This is the traditionalapproachof
brainstorming.Unfortunately,this is far too weak.Telling peoplenotto usejudgment
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doesnottellthemwhatto do.Tellingpeoplenotto eatfriedeggsfor breakfastdoesnot
providethemwithanybreakfast.
"Movement" takes into mind, which is an active mental operation.This
operationcouldbe lessened,practiced,anduseddeliberately.Movementis notjust an
absenceof judgment.But movementis theprovidingwith oatmealfor breakfastinstead
ofthe,friedeggs.
Thedifferencebetweenjudgmentandmovementis suggestedin Figure1.3.5.In
judgment,whena designercomesto anideato comparetheideawith existingpatterns
ofexperience.If the idea doesnot fit, then it is rejected.That is good ''blackhat
thinking".In movement,an individualcomesto an idea and totally uninterestedin
whetherthe idea is right or wrong or whetherit fits his experience.He is solely
interestedin wherehe can"move"to andfromtheidea.It is seenthattheattitudeof
seekingtomoveforwardgoeson.Judgmentis staticandis concernedwith"is" and"is
not."Judgmentis partof traditionalrock logic. Movementis fluid andis concerned
withtowhere it leadsto. Movementis partof waterlogic with its flow andfluidity.
Movementmightalsocomeunderthegreenhat.
It is very importantto appreciatethat movementand judgmentare totally
different"games".Someoneteachesto play;contactbridge.Thensomeoneelseteaches
toplaypoker.Whenit is timeto playbridgethenit is timeto playgoodbridgeandnot
badpoker.Whenit is timeto playpokerthenit wouldbeplayinggoodpokerandnot
badbridge.So whenjudgmentis usedit is oughtto begoodjudgment.But when,it is
switchedto movementhengoodmovementis usedor wanted.They aretwo separate
mentaloperationsandthereis nocompromise,in-betweenposition.
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Movement
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Figure1.3.5.
a.The Useof Movement
Hereit is betterfor thedesignerto considertheuseof movementin orderto
moveforwardfroma provocationto a usefulnew ideaor concept.Withoutmovement
thereisnosensein usingprovocation.
It shouldbesaid,however,thattheuseof movementin creativityis muchwider
thanthis.Theuseof movementwith provocationsis theextremeform of movement.
Howdoesa personmoveforward from an "impossible"provocationto something
usefulis thequestionthatshouldbe askedto let the designerget an advantagefrom
whathe is doing.But thereare otheroccasionswhen the use of movementis not
extreme.Movementcouldbeusedto moveforwardfroma weakideato a strongerone.
Movementcould be usedto move forward from a suggestionto a concreteidea.
Movementcouldbeusedto moveforwardfroma concepto anidea.
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The generalsenseof "movement"meansthewillingnessto moveforwardin a
positiveexploringway ratherthanstoppingto judge whethersomethingis right or
wrong.In creativity,the designeris indeedinterestedin arrivingat practical,useful,
validideas.The differenceis thatcreativityacceptsmanywaysof gettingthere.Every
stepintheprocessdoesnothavetobeacceptedbyjudgment.
Thegeneralattitudeof movementis important.Anyone of thedesignerscould
sayanything.One personis quick to judgewhetherwhat is said is correctandeven
seeksto find somesmallaspectof it thatis notcorrect.Anotherpersonis interestedin
whathestatementleadsto.Thedifferenceis a matterof sequence.The firstpersonuses
theblackhatatonce.The secondpersonusesthegreenhat(movement)andonly later
usestheblackhatto assessa conclusion.
Therearetwo broadwaysof usingmovement:generalattitudeandsystematic
techniques.
GeneralAttitude
Thisis thegeneralwillingnessto moveforwardfroma statementor provocation.
Therearenewideasthatmayoccuratonce.A personwho haspracticedmovementand
whoisawareof thesystematictechniquesof movementwill oftengetusefulmovement
justbyusingthisgeneralattitude.Thegeneralattitudeis alwaysworthtryingfirst.If the
generalttitudedoesnotyieldanyusefulresultsthenit is worthtryingthesystematic
techniquesof government.When learninglateralthinkingit makessenseto use the
systematicechniquesin ordertobuildup ageneralskill of movement.
SystematicTechniques
Therearefive systematictechniquesfor gettingmovementfroma provocation
Of statement.Each of thesecan be learned,practiced,and appliedin a deliberate
fashion.Thereis no needto useanyof themon everyoccasion-butheyarethereto be
used.All is verydifferentfromjust tellingpeopleto "delayjudgment."
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b. Techniquesof Movement
Five techniquesthat can be used systematicallyto get movementwill be
describedhere.This doesnotmeanthattherearenotothertechniquesor thatthefive
givencannotbe subdividedinto others.In somecasesthe differenttechniquescan
overlap.This doesnot matterat all sincethe solepurposeof movementis to move
forwardtoanewideaorconcept.
1. ExtractaPrinciple
The designerslook at the provocation(providedby themselvesor by others)
theyseekto extracta principlefrom the provocation.What is extractedmay be a
"principle"or a "concept"or a ''feature''at an "aspect".The choiceof word is not
important.I takesnothingfromthe provocation.The groupor individualcompletely
ignorestherestandnowproceedsto workonlywithwhathas"extracted".It is seeksto
buildausableideaaroundthisprinciple.
An advertisingagencywasseekinga "newadvertisingmedium."A provocation
wasuggested:
Po,bringbackthetowncrier.
In a modemcitywithhigh-risebuildings,sealedventilation,anda lot of traffic,
atowncrierwould not be muchgood-butit is only a provocation.What principles,
concepts,orfeatureswouldbeseenin a towncriermayleadto apoint:
• thetowncriercangotowherethepeopleare
• thetowncriercanchangethemessageaccordingtothesituation
• thetowncrieris arespectedsocialfigure
• thetowncrieris alwaysupto dateyoucannotswitchthetowncrieroff.
Eachoneof theseitemscouldbe "extracted"andused.The principlethatwas
usedwasthatyou"couldnotswitchthetowncrieroff'. Now thegroupcouldforgetall
aboutthetowncrierandlook aroundfor a mediumthatwould be unable(or at least,
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unwilling)to turnoff Thetelephonecomesto mind.The ideawouldbeto havepublic
telephonesthatmadeno chargefor a call becausetheconversationwas interspersed
withadvertisingmessages.Advertiserswould pay for the insertionof thesetaped
messagesandthecallerwouldgetfreecalls.This couldbe limitedto local calls.This
hashappenedandis beendoneinEuropesince1997.
So it is to seehow it is possibleto moveforwardfroma provocationto develop
anoriginalideawhichcouldhavearealvalue.
2.FocusontheDifference
Heretheprovocationis comparedwith theexistingideaor wayof doingthings.
Thepointsof differencearespelledoutandpursuedto seeif theymightleadto some
interestingnew idea.Even if the provocationappearsto be very similar to what it
alreadyis beingdone,a consciouseffortis madeto focusonthisdifference.Evenif the
differenceis onlyonepercent,this"one"percentcanbeexplored.
Thereis a "general-area-type"focusregardinga postagestamp.Someoneputs
forwardaprovocation:
Po, stampshouldbelongandverythin.
Thedesignersfocusonthe"difference":
• youcouldputmessagesonthestamps
• thestampwouldleavemorespacefortheaddress
• youcouldusethestampto sealtheenvelope
• stampsmightbesoldin selfadhesiverolls
• thelengthof thestampmightbeproportionalto thevalue
• thestampcouldbefoldedaroundto beonthebackof theenvelope,too
The suggestionthatthe lengthof the stampmight indicatethe value follows
directlyfromthe"difference"of thelongdimensionnewavailable.This suggeststhata
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unitof lengthmightrepresentaunitof value.So therewouldbeno needto puta value
onthestamp,whichwouldjustbedividedinto"postalunits."Thesepostalunitswould
.bepurchasedattheprevailingpricelike unitsof electricityor gas.This conceptcould
nowbecarriedbackto stampsof normalshapewhichwouldcarrynovaluebutwould
bedesignated"internalmail," "first class mail," and so on. Such stampswould be
purchasedatthegoingprice.
So we seethatan ideastimulatedby the provocationcan be appliedbackto
normalstamps.Thereareotherideasthatmightbeworthpursuing.Someof thesemight
requirethelongthinstampof theprovocation.Occasionallytheprovocationitselfturns
outohavea directvalueeventhoughthisis notthepurposeof a provocation.
3. MomentoMoment
This is possiblythe mostpowerfulof the techniquesof movement.Here the
designerimaginesof theprovocationbeingputintoeffect-evenif thisinvolvesfantasy.
Itisvisualizedof whatwouldhappen"momento moment."It is notbeinginterestedin
thefinalresult,butonly in the"moment-to-moment"happenings.It is like watchinga
videotapeframeby frameto watchwhatis goingon.Fromthisobservation,thecreator
seekstodevelopsomeinterestingconceptor idea.
Po, bicycleshavesquarewheels.
Herethe personshouldimaginea bicycleswith squarewheels.This bicycles
startingto roll. The squarewheel risesup on its comer.This would leadto a very
bumpyride.But thesuspensioncouldanticipatethis rise andcould adjustby getting
shorter.This leadsto theconceptof anadjustingsuspension.This in turnleadsto the
ideaof a vehiclefor goingoverroughground.A jockeywheelwould signalbackthe
stateof thegroundto the suspensionwhich would thenadjustso thatthewheelwas
raisedtofollowthe"profile"of theground.In thiswaythebicycleswould"flow" over
thegroundratherthanbumpon theground.This was anideafirst suggestedaboutthe
casestudy.Today severalcompaniessuch as Bianchi and Bisan are working on
"suspensions"whichbehavesin a similarway.
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Po, planeslandupsidedown.
This seemstotallyabsurdexceptthatprovocationsareneverabsurd.Someone
remarksthatwhena planewascomingin to landthepilotwouldgetabetterviewof the
landingarea. This is typical moment-to-momentmovement.From this, comes a
considerationof wherepilotsareplaced.in aircraft.Whenplaneswereverysmallthe
pilothadto sitontop.This hasremainedthechosenplace.But a questionof wondering
if it is thebestplacemayarise.Or evenwouldit stayalikeat all times?The Concorde
comesin atsosteepananglethatthepilot cannotseeanything.So thereis a mechanism
todropthenoseof theplaneto allowthepilotvision.Perhapsthepilot couldbeplaced
somewhereelsefor landing.Therewouldalsobevideocamerasatselectedpoints.
Po, in petrolstationsthereshouldbenopeopleservingcustomers.
This commentcame from a three person group in the industrial design
departmentof Izmir Instituteof technology.The questionwas if whetherthe stations
couldbeswitchedto self-servicesor not.Theproblemfocusedon the"do-it-yourself'
conceptof customers.The commentthat would havebeen given on customersin
Turkey;is to suchas "Customersin Turkeywant peopleto servethem.It is rather
distinctto seepeoplefulfilling theiregowiththisservice.So it maynotbea verygood
ideato putsucha systemin sucha country.In contraSto this, it is not the samein
countriesofEurope,individualstherehavethepotentialof doingthejob themselves".
4.PositiveAspects
This is the simplestof the movementechniques.It is moreyellow hat than
greenhat.The designerlooks directly for any benefitsor positiveaspectsin the
provocation.Whatvaluesareimmediatelypresentetc.Heretheindividualis interested
inwhatisdirectlypresentratherthanwhattheprovocationmightleadto.Thentakethis
valueandseekto moveforwardwithit toa newidea.
64
Po, carsshouldhavetheirenginesontheroof
Therewould be troublewith transmissionandthe high centerof gravitybut
therearemanypositiveaspectsaswell:
• Easeof accesstotheenginefor maintenance
• Lessriskof enginedamagein a collision
• Equalweightdistributiononbothaxles
• Morespaceinthecaror a shortercar
• Lessimpededair flow for cooling
Fromthis mightcometheideaof a shortermid-enginecarwith thepassengers
sittingabovetheengineplatform.Whenavalueis turnedupbytheprovocationthenthe
designeror engineertriesto findwaysof achievingthesamevaluein a morepractical
fashion.To concernoneselfwiththevalueandtryto buildanideaaroundit.
5.Circumstances
"Under what circumstanceswould this provocationhave a directvalue?" is
anotherquestionto be asked.A glasscouldnotbe put downuntil thedrink in it had
finishedso perhapsbarscouldsell moredrinks.In floodedconditions,a carwith the
engineontheroofwouldhavea directvaluebecauseit wouldbepossibleto drivein a
little,gettingmovemento look aroundfor specialcircumstancesthatwouldgivevalue
totheprovocation.
Po,drinkingglassesshouldhaveroundedbottoms.
''Underwhatcircumstanceswouldroundedbottomshaveadirectvalue?"
It couldnotbeableto putdowntheglassuntil a personhasfinishedhis or her
drinksoperhapsbarswould sellmoredrinks.Thepersonwouldnotputdowntheglass
unlessheplacedit in a specialholdersoperhapspolishedfurniturewouldnotgetwhite
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ringson it becauseall glasseswould needto be placedin specialholdersratherthan
beingplacedanywhere.
It is obviousthatthereis a greatdealof overlap.For example,with theround
bottomglassesthere is an elementof "moment-to-moment"movementas it is
visualizedto seesomeoneputtingdownanemptiedglass.Thereis alsoanelementof
positiveaspectswhento examinethelongthinshapeof theprovocativestamp.
Here,consideringa finalexample:
Po, everyonewhowantstobefamous,shouldusea yellowbicycle.
Herea designercantakeeachof themovementmethodsandputdownjust one
pointforeach.
Extractaprinciple:theprinciplethattheusershouldbeableto indicatehis or
herambitionsfor famein anunmistakableway
Focusonthedifference:ambitiouspeoplewouldnowmakethemselvesvisible.
Isit betterto try to giveambitionto thetalentedor to try to givetalentto thealready
ambitious?This is aninterestingtrainingquestion.
Momentomoment:whena cyclistgetsa redbicycleandwantsto gooutfor a
ride,in themorning;A brotheror sistermightsay,''whyno yellow bicycletoday"So
theremightbethebeginningof anideato involvefamiliesin motivatingcyclists.
Positiveaspects:anyoneusing a yellow bicycle has madea declarationto
himselforherselfandmaytryto liveuptothis.
Circumstances:anyonebeingservedwould preferto go to a serviceusing a
yellowbicyclebecauseservicemightbebetterandalsobecausea complaintwouldbe
moremeanmg.
It maybenotedthat,certainaspectsof themovementechniquesareanalytical
and"convergent"hence"creative".This is why a general"divergent"attitudeof
thinkingis not sufficientfor effectivecreativity.Moment to momentinvolvesboth
fantasybutalsoananalyticalattempto seewhatmighthappen.Thesearchfor positive
aspectsisalsoanalytical.Extractinga principlehasananalyticalaspectQo..
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c. PossibleResultsofMovement
As proceedingwith"movement",anumberof thingsmayhappen.
Negatives
Whenit is focusedon thedifferenceor whento proceed"momento moment"
theremaywell be somegenuinelynegativepointsthat arise.Such negativepoints
shouldneverbe put forward becauseit becomesso easyto fall back into simple
judgment.The negativepointsshouldbe observedand a consciousattemptmadeto
moveforwardfromthemto a usefulidea.For example,it mightbe saidthata person
whopersistentlyusedtheyellowbicyclebutnevergot famousmightgetratherfedup.
Thisisperfectlytrue.But perhapsit wouldbebetterforthatpersonto knowatoncethat
heisnotgoingto getfamous(assoonasheusedtheyellowbicycle)ratherthanto wait
foryearsin afalsehope.
Old Ideas
Sometimesmovementracksbackintoold ideas.Whenthisoccurs,a conscious
effortneedsto be madeto developothermutes.There is no virtueat all in simply
connectingaprovo~ationto
analreadyknownidea.
InterestingPoint
Movementmay take the thinker to an "interestingpoint." This senseof
"interesting"is important.The pointneednothavevaluebutthereis thesensethatit
haspotential.As skill buildsin creativethinking,studentsgetbetteratnotinginterests:
"I feelthatthereis somethinghere"Thereis a senseof potentialto pauseand look
around.It is thesamefeelingas theonea driverwouldgetwhendrivingaroundthe
countrysideandcomingacross,an"interesting"village.Thereis nohurryin movement.
It isofthetimeswhenit is betterto thinkveryslowlybecausethatway it is possibleto
noticemore.
67
Difference
"Difference"is itselfa strongpointof interest.A designernoticesa conceptor
ideawhenit is differentfromwhathasgonebefore.It is noticethatonesownthinking
istakinga differentline.Differenceis alwaysworthexploringto seeif it leadsto any
significantvalue.An individualcanexplorefor differenceandcanfollow up reference.
Pointsof differenceor changein thinkingareall worthnotingevenif theydo not lead
anywhereusefulatthemoment.
Value
This is a prize "catch."When it is timeto comeacrossa point of valueor
obviousbenefitthenit is obviousto measureit. To dwellon thevalueandappreciateit.
Thenlookaroundto comparethisnewvaluewithwhatexistedbefore.Finally to make
aneffortit is timeto seeif this samevaluecanbe obtainedin another,morepractical
way.Peopledothisaswhentheyseea newdesign.
Wheneverit is to reacha final ideain lateralthinkingit shouldalwaysimportant
lookaroundto seeif the"value"canbe obtainedin a simpleror morepracticalway.
Valuebecomesthefixed pointin whatalternativewaysof providingthis valuemight
therebe.
Reacha Concept
Whatevertheprovocation,it is usuallypossibleto reachinterestingconcepts
evenif theydonotimmediatelyoffer.Thereis aneedto spelloutsuchconceptsin order
tobemoreawareof them.Fresh conceptsare comparedwith old establishedones.
Thereisanattemptoredefineandto strengthentheconcept. I
It maynotalwaysbepossibleto go forwardfroma concepto apracticalwayof
puttingit intoaction.Soconceptshouldbelistedandstoredaspart of theoutputof the
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provocative xercise.Conceptshavea rightto existontheirown.Conceptsarenotjust
stepsintheprocessof gettinganidea.
Finally, an attemptis madeto movefrom the conceptto practical ideas for
puttingit into effect.Sometimesthesemaybe realisticideas,but at othertimes,they
maybeno morethan"for instance"ideasto showhowtheconceptmightbeapplied.
Reachingan Idea
The desiredoutputof anycreativesessionis a usablenew idea.Occasionally,
suchan idea may occur directlyas a result of the applicationof the provocative
technique.More oftenthereis a hintof anideaor thebeginningof an ideathatneedsa
lotmoreworkdoneon it beforeit canbeconsideredusableor fit forjudgment.
Sometimesmovementreachesan idea, which is obviously impracticalor
unusablein itspresentform.In suchcases,thereis anattempto pullbackfromtheidea
totheconceptbehindtheidea.This conceptcanbestoredassuchanattempthatit may
alsobemadeto seekanotherwayof carryingthroughtheconcept.Thereis alwayssome
valuein"for instance"ideasbecausetheyshowsomeconceptin action.
Nowhere
Sometimesmovementgetsnowhere.Thinking alwaysseemsto comeback to
establishedi eas.In suchcasesan attemptshouldbe madeto "harvest"as muchas
possiblefromthethinkingsession.It is alsousefulto acknowledge,"I havenotgotten
anywhereuseful". There is little point in continuingto think aboutthe matter.The
designershouldtry againlaterwith a differentprovocationor a differenttechnique.
Thereis nothingpromisingthateverytimeit is setout, it wouldbe creativeor thatit
willgettobeawonderfulidea.It will buildup moreconfidencethroughacknowledging
thati hasnotgottenanywherethanbytryingevenharderandstill failing.
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Confidence
What is important,is to try to buildup a fluency,skill, andconfidencein the
movementprocesssothatwhenevera designerwishescansetoutto usemovement.As
tobuildup skill andconfidencethenresultswill occurmorefrequently.
The individualcannotbeconfidentin thementaloperationof movement,it will
getawonderfulideaeverytimeit is sought.However,it canbecomeconfidenthatthe
designercanusetheprocessof movementwithskill andfluency.
Whena thinkerbecomesconfidentin thementaloperationof movement,it will
beobviousfor him to find thatit is possibleto applymovemento anyprovocation
whatsoever,nomatterhowillogicalor nonsenseit mayseem.
1.3.6WHY -WHAT-WHEN -WHERE -WHO - HOW?
Askingquestionsis anotherwayof expressingthedesignstrategl.
Ask"Why"a problemis occurringandthenask"Why" fourmoretimes.
Forexample...
1.Whyhasthetireof thebicycleblown?
It wasbecauseof anoverloadonaweaktire.
2.Whywasit aweaktire?
Therewasn'tenoughmaterialused.
3.Whywasn'tenoughmaterialused?
Thecostof thetirewouldgouptoomuch.
4.Whywouldthecostgouptoomuch?
Thematerialis boughtfromanothercountry.
5.Why is it boughtfromanothercountry.
6 Accordingto ChicThompsonfrom"WhataGreatIdea",
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No manufacturerproducedthismaterialin Turkey.
"THE PRODUCTION OF TIRES BEGINS".
TheSixUniversalQuestions
IdeaGeneratorsi.e. designersshouldbe awareof a simpleuniversaltruth.Thereare
onlysixquestionsthatonehumancanaskanother:
• What?
• Where?
• When?
• How?
• Why?
• Who?
Todrawamindmapof theproblemwith thesesixwordsasnodesonthemapwouldbe
agoodwayof knowingwhatis goingonin themind.
Figure1.3.6
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CHAPTER 2
CREATIVITY IN THE DESIGN PROCESS
Introduction:
This chapteris to betotallydifferentfromthepreviouschaptershenceto
showthe stricttechniquesto be takenin the procedureof creativity.The following
techniquesanddefinitionsof designetc.areto put an engineeringtouchto creativity
thatwouldbearestrictionto industrialdesigncreativity.
2.1Definitionof DesignandtheDesignProcess
2.1.1IntroductiontoDesign
In this part the concepts"designing" and "design" will be taken from
dictionaries.The word "design"will be notednot only as a definitionbut also as a
conceptin creativity.
Designwith variousmeanings,rangingfrom conceivinga plan in the mind,
whateverthisplanmaybe,to makinga drawingor patternof somethingto bemadeor
built.
The following focuseson design in the more limited senseof "designing
materialproducts".For thatpurpose"design"is definedas "to conceivethe ideafor
someartifactor systemand/orto expressthe idea in an embeddableform (Oxford
AdvancedDictionary).
Usuallythefunction,or a setof functionsof a newproduct,will begivento the
designerattheoutset.The designproblemis definedasto find a suitablegeometrical
andphysico-chemicalformfor theproductandits parts,so thatthegivenfunction,or
functions,canbe fulfilled. Productsare"designed"to be "made"and to be "used".
Makingandusingaretheactions.Thenit shallthereforecontinuewith an analysisof
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thestructureof humanaction.By acting,peoplesettheautonomouseventsof nature
ontoa newcourse.In doingso,peoplecanmakeanally of partsof thematerialreality
.andincludetheseasan"instrument"in theiractions.Moreover,peoplecaninventand
makeinstruments.Hereit shouldbe encounteredthatthephenomenonof "technology"
isimportant.Technologyencompassestheinventionandmakingof instruments,aswell
astheiroperationanduse.Theanalysisof thestructureof technicalactiondemonstrates
whichelementsplay a role in action,.and how they are linkedto one another.The
analysiswill alsoshowhowessentialdesigningis for technicalaction.
It shall be concludedlater,with a moreformal analysisof someimportant
patternsof reasoning.Designingis a processin which all sorts of thingsare done
(drawing,buildingmodels,experimenting,researchetc.),butaboveall, it is a processof
goal-directedreasoning.The reasoningfrom functionto form is a form of reductive
reasoning.This meansthatthe conclusion(thedesign)doesnot indisputablyfollow
fromthepremises(thefunctionto be fulfilled),andthat,in principle,therearealways
manygoodsolutions.Thereasoningfromfunctionto formis a creativeprocess,which
canbeencouragedmethodically,butcannotbelogicallybeguaranteed.
2.1.2TheDesignProblem
A productis a materialsystem,which is madeby peoplefor its properties.
Becauseof thesepropertiesit canfulfil oneor morefunctions.By fulfilling functions,a
productsatisfiesneeds,andgivespeoplethepossibilitiesto realizeoneor morevalues.
Figure2.1.2.ashowsthisstateof affairs.
Productplanning
Form
-.Properties-.Function-•••Needs-. Values
•
Speed •CyclingRecreation•H alth
•
WeightTranportationPhysicalBeautyt b li y exerciseProfii e •Adv nturerk
•
l sure
Productdesigning(strictdevelopment)
Figure2.1.2.a 73
In general,thedevelopmentofnewproductsproceedsintheoppositedirection.
.Themoreto therightit is started(Figure2.1.2.a),themoreopen-endedtheproduct
developmentprocesswill be.If severaldesignerswereto beinstructedto developa
productsuchas a bicycle,no matterwhatthatwouldcontributeto thevalueof
"enjoyingnature",oneof themwouldcomeupwitha tandem,anotherwithaneasy
HPV (human-poweredvehicleasthebean)andstillanotherwithracingbikeandsoon.
However,usuallyproductdesignersdo not startentirelyto therightof the
diagram.Theproductdevelopmentprocesscanbedividedintwoparts,namelyproduct
planningandstrictdevelopment.In theproductplanningphaseoneseeksproductideas
thatfitwiththecompanyandthemarket.Ofcourseseekingismeanttobeascreativeas
possible.Reasoningbackfromthegoals(values)of thecompanyto statementson
functionsthatareworthfulfillingformsthenucleusof thispartof processof product
development.Theactualdesigningof productstakesplacein thestrictdevelopment
phase.Thenucleusof thatphaseis reasoningbackfromstatementson functionsto
statementsontheformof theproduct.Thestructuresformis triedtobereasoned.To
findtheanswerto thereasoning,thedesignershouldfirststudywhatstatementsare
madeinthedesignprocess.
In themanufacturingprocessesanin-goingmaterialis transformedintoanout-
goingmaterial(pleaserefertoframebuildingin AppendixA). In doingso,energyand
informationare transformed.What is usually"immediatelyevidentis that the
geometricalformof thein-goingmaterialchangesin themanufacturingprocess,for
examplewhenmachiningapart.Thereare,however,alsomanufacturingprocessesthat
changethephysicochemicalform(thepropertiesof thematerial)of an object.For
example,by weldingtwo pipes(of a bicycle)togetherin a factorywouldgivethe
structurea differenthardening?,apartonechangesthephysicochemicalform.Forging
ofapipeendtoformtheforkwouldalsochangethepipethicknessasit getstotheend
(figures2.1.2.b).
1BisanTIG weldingprocessesdoneonbicycletubes.
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Forging is a processof formingmetalpartsby theuseof heatandpressure.Forgingdevelops
a grainstructurein the metal,which makesit strongerin the directionthat it hasbeen stretched.
Forgingis done in specialmolds called "dies", and when the dies are properlydesignedto take
advantageof thegrainstructureintroducedby theforgingprocess,theresultingpartsarestrongerin the
importantdirectionsthanthosemanufacturedby CNC machining
Figure2.1.2.b
Yet, it is inevitablethatthedimensionsof thepartchangea little aswell (not
actuallytoomuchin comparisontothesizeof thetubes"pipes"used).
In manufacturing,changesof geometricalandphysicochemicalformalwaysgo
together,but usuallythesechangesare not actuallywantedat the sametime. The
geometricalndphysicochemicalformthataproductmusthaveafterthemanufacturing
process,isthedesignof theproduct.It hasbeenthoughtupby a designerandlaiddown
inatechnicaldrawing.Thus,atechnicaldrawingcanbeseenasthecodingof twokinds
ofcategoricalstatementswhich comprisea design:statementsasto geometricalform
(thisproductis so andso long)andstatementsasto thephysicochemicalform (this
productis of steel).
Becauseof its form,a producthascertainproperties,suchasweight,strength,
hardness,color etc. Althoughusually describingpropertiescategorically,it actually
wouldbeclaimedthatsomecorrespondinghypotheticalstatementis truefor theobject
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concerned.For example,if thecategoricallystatethat"thestiffnessof thisconstruction
is a greatvalue",thenthebicycledesignersthusclaimthatthefollowinghypothetical
statementonthatconstructionis true:
"If this constructionis loadedin the manner,thenit will be deformedin the
othermanner".The first-partof thehypotheticalstatementis calledtheantecedent,the
secondparttheconsequence(Roozenberg1991).
An objecthasas manypropertiesas truehypotheticalstatementscanbe made
aboutit. Eachpropertytells thinkerssomethingaboutthereactiontheobject(design)
will showif broughtintoa certainenvironmentandusedin a certainway.Thetotalof
allpropertiesdescribesthebehaviorto beexpectedundercertainconditions.
Designersdistinguishbetweenintensiveand extensiveproperties.Intensive
propertiesdependonthephysicochemicalformonly,suchasspecificgravity.Extensive
properties,or thingproperties,are resultsof intensivepropertiesplus thegeometrical
form;for example,theweightof a bicycle.In designing,oneis especiallyinterestedin
theextensiveproperties,asthesedirectlydeterminethefunctioningof theproduct.By
choosinga certainmaterial,thedesignerimmediatelysetsmanyintensivepropertiesfor
aproduct,bothgood andlessdesirableones(steelis stiff, but it is heavyandrusts;
aluminumis lessheavyanddoesnotcorrode,butis morefloppy).The artof designing
istogivetheproductsucha geometricalformthathasthedesiredextensiveproperties,
alsoincludingtheintensiveonestoo(table2.1.2.a.).
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Table2.1.2.a.Materialpropertiesandconstructionof bicycles.
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The functionof a productis theintendedanddeliberatelycausedabilityto bring
aboutatransformationof a partof theenvironmentof theproduct.
To realizea goal,a goal is a desiredstate.Somethingmustbe changedin the
environment.The naturalprocessof changethataffectsthis environment- including
mankind- shouldbeadjustedbytheproductin a desireddirection.Someprocessshould
rundifferentlythanit wouldwithouttheproduct;a coffeemill changesbeansto ground
coffee,a chair supports(preventsone from becomingtired), and a posterprovides
information(decreasesuncertainty).
Beans
Electric
energy
Signal
~
-
I coffeemillI
~
~
Ground
coffee
Heat
Signal
Figure2.1.2.c.The functionof acoffeemill asablack-box
Functionsof productscanbe describedin differentways, suchas in normal
language,in mathematicalformulae,or asa"blackbox"(figure2.1.2.c).Particularlythe
lastform of representationis oftenused in design.Yet, whateverrepresentationis
chosen,actuallystatementsaremadeon the intendedbehaviorof theproduct.Those
statementshavea hypotheticalform,just like statementsonproperties.For example:in
grindingcoffee,a final stateS2 is wanted,whichyieldsgroundcoffee(witha certain
sizeof granule)anda coffeemill thatis nottoo wornout.It is assumedthatthereis a
beginningstateS1, which is characterizedby a certainamountof beansof a certain
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kind,theavailabilityof energyin a certainform,no extremetemperatures,etc.If this
intendedbehaviorwere put into the form of statements,would result with the
.hypotheticalform S1••S2(readas:if S1thenS2,or S1impliesS2).
Unlike statementson properties,statementson functionsare normative.A
producthascertainpropertiesor doesnothavethem,irrespectiveof thepurposeof a
user.Functions,however,areimposedon products;theyhaveto be fulfilled,otherwise
theintendedgoalwill notbereached."Function"is a generalconcept.It refersto the
purposeof a product,which is usuallymany-sided.Designerscanthereforetalk about
thetechnical,the ergonomic,the aesthetic,the semantic,thebusinesseconomic,the
socialandotherfunctionsof a product.The detaileddescriptionof "thefunction"of a
productin all its aspectsleadstothedesignspecification;thisis thelist of all properties
thatheproductshouldpossessto achieveitspurpose.
A personcanthinkup all sortsof functionsandtryto designa productfor them,
butit mustbeaskedwhetherthatproductreallybehaveas intended.To beginwith, this
itdependson its form,for theform determinestheextensiveproperties.Each product
hasmanyextensiveproperties,and each extensiveproperty,or group of extensive
properties,representsa possibilityto function.But thereis more:a productmustalsobe
usedin a certainmanner.Of the manypropertiesthatanyproductpossesses,usually
onlynotice a few. Propertiesonly become"invisible" when the designerdoes
somethingwith theproduct.Propertiesarehypotheticalstatements,andevenif sucha
statementis true,theconsequenceonlybecomesevidentwhenthedesigneractualizes
theantecedent.To doso,it is actuallydesiredto bringtheobjectintocertainconditions
(ironhasthepropertythatit rusts,but onlywhenit meetswater).A product''withthe
requiredpropertiesthereforefunctionsin theintendedmanner",only if it is usedin an
environmentand in a way that the designerhas thoughtup and prescribed.The
instructionsforusearenotgivenfactsfor thedesigner,likethefunction,butarethought
up- togetherwiththeformof theproduct- andthusformanessentialpartof thedesign.
Figure2.1.2.dshowshowthefunctioningof a productdependson its formandits use.
Thearrowsindicatecausalrelations.The designer,however,shouldreasonagainstthe
oirectionof thearrows.Given a desiredfunction,the form shouldbe thought:of also
includingits use, and this shouldbe done in such a way that, if the user acts in
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accordancewith theusageinstructions,the intendedfunctionis realized.This is the
kernelof thedesignproblem.Thedescriptions- representedinwhatevermanner- of the
.formplustheuseof theproductformthedesign.Theprocessof thinking,supportedby
allsortsof doing,whichleadto thesedirections,is designing(Roozenberg1991).
Physicochemical
form
Geometrical
form
Physicochemical
form
Figure2.1.2.d:Thefunctioningof aproduct
To clarifyfigure2.1.2.d,belowis a simpleexample:
The form of a crowbaris describedin categoricalstatements:this crowbaris
madeof steel,hasa lengthof 850mm,a diameterof 30 mm,etc.The functionof a
crowbaris "enlargingforce",thatis to say:if, ona crowbar,atpointP aforceF1 works
indirection?" thereresultsat pointQ a forceF2 in directiony, This is a hypothetical
statement.If the designof the crowbaris given,thatis to say,if all dimensionsare
known,thematerial,andhowandwhatfor it is used,thena calculation,withthehelpof
theformulaeof mechanicswill be done.How largeF2 will beas a resultof F1, how
muchit will bend,andwhetherit will resistthe stressesinvolv~dwill be found.This
reasoningfromformto function(or rather:to functioning)- in figure2.1.2.d.fromleft
toright- is basedon deduction.In principlethereis only one type of answer:the
producthasordoesnothavetherequiredproperties.Witha certainformof crowbarand
certainvaluesofF1, x andy, onevalueofF2 corresponds.
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Nevertheless,a crowbarcanfulfill differentfunctions.If it is used in another
environmentor in anothermanner,otherlawsof naturebecomeoperativeandother
.transformationswill takeplace.Eachtransformationcorrespondstoafunctionthatthe
productcanfulfill (e.g.thatof a hammer).Thustheformdeterminesthepotentialof
functionsfor a product(Roozenberg1991).
Howeverimportanthereasoningfromformto functionmightbe,theessential
modeof reasoningin designingis to reasonfrom functionto form. The form of the
producto bedesignedis thentheunknown.The questionariseswhetherwe caninfer
thegeometricalandphysicochemicalformfromthefunction,by conclusivereasoning,
giventhedesignerknowledgeof thelawsof nature.Theansweris no; in principlethere
arealwaysdifferentpossibilities.The form of a new type of crowbarcannotbe
calculatedfromitsfunction- enlargingforce- withthehelpof mechanics.Therequired
stiffnessandstrengthcanbe achievedwith manydifferentmaterials,with shapesand
dimensionsattunedthereto.Only by makingan arbitrarychoicefor all degreesof
freedomminusonecantheremainingformfactorbeunambiguouslydetermined.
The indefinitenessof the transitionfunctionto form goesevenfurther,for a
leveris nottheonlytechnicalprincipleto enlargeforce.This canalsobeaccomplished
withthehelpof pulleysandcables,gear-wheelsandhydraulics,andnewprinciplescan
beinvented.In figure2.1.2.dthethinkingprocessfunctionto formproceedsfromright
toleft.It is basedon reductivereasoningandis a creativeprocess.This doesnotmean
thatscientificandtechnicalknowledgedoesnotplaya part.Causalmodelsindicatethe
directionin which maychoicescanbe made(choiceof material,choiceof geometric
shapes,choiceof oneor morekeydimensionsasin table2.1.2.a.).Yet thisneverleads
toanunambiguousanswer.Thenumberof solutionsis in principleeveninnumerable.
Here lies thegreatchallengefor designersandfor designmethodology,for the
mostimportantstepin designingis not to predictthepropertiesof a productalready
thoughtup,buttheprecedingstepof conceivingof theformof thatproduct.In a rather
poignantcontrastto this standsthe fact that for the transitionform functionmuch
scientificknowledgeand methodsare available,while the transitionfunction form
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dependslargelyon thecreativeabilitiesandinsightof thedesigner.Nevertheless,there
aremanysuccessfulpracticalexamples,which canoftenserveas a guideline.Design
.methodscanalsobeusefulaids.Yet, whatevercourseengineeringsciencesanddesign
methodologymighttakefor thetransitionof functionto form,thecrucialstepin any
designprocess,creativityandintuitionremainthedrivingforces.
In theprecedinganalysismuchhasbeenleftoutin orderto highlightthekernel
of productdesigning.One importantcharacteristicof presentday productionis the
separationof manufacturingandusingproducts.A productmustthereforefunctionin at
leasto respects.Usersseetheproductas an objecttheybuyto satisfysomeof their
needs.This is called thesocio-economicfunctionof a product.For themanufacturer,
theproductmustfulfill a businesseconomicfunction(profit),with social functions,
suchasprovidingemployment,followingnaturallytherefrom(figure2.1.2.e).
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Figure2.1.2.e.Thedualfunctioningof aproduct
The businesseconomicfunctionis usuallynotaimedat withjust oneproduct,
butwitha seriesof identicalproducts.The determinationof thepropermanufacturing
methodsforthenumbersto berunoff isjust asimportantforthesuccessof thebusiness
astheproductdesignitself For theproductdesigner,thesizeof the run is usuallya
givendatum,butfor productdevelopmentasa wholethiselementmustalsobethought
upaspartof theplan for the newbusinessactivity.In a broadersense,the product
designproblemcanthereforebephrasedas:to thinkup (thecreationprocess)theform
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oftheproduct(geometryandmaterial),theusage,aswell asthemanufacturing,ivena
businesseconomicandsocioeconomicfunction,andgivena certainsizeof therun.
Themeans-endschainsof produceranduserendin thevaluedomain,andvalue
conflictsbetweenusersandproducersaremorerulesthanexception.Theenvironmental
issueis a clearexample.For designersthis causesmanycomplications.They cannot
restricthemselvesto "embodying"a technicalprincipleas effectivelyaspossible,but
must,negotiatebetweenoftenopposingobjectives.
2.2THE DESIGN PROCESS DISINTEGRATED
The newmethodsreviewedasstepstowardsanexpandedesignprocessthatis
becomingnecessaryto thecontinueddevelopmentof theman-madeworldarereviewed.
It is an attemptat sketchingout a largeenough,and loose enough,pictureof this
expandedesigningto accommodatethemanynewmethodsandto suggesthow they
relate,not only to eachother,but also to what camebeforeandto what looks like
comingnext.Themainconclusionof thechapteristhatatthemomentaretheconfusing
resultsof pulling the traditionaldesignmethodto pieces.The reintegrationof these
piecesinto a coherentnew processthatwould operateeffectivelyover all levelsof
generalityanddetail,hasyetto beachieved.The followingof presentfragmentationof
designthinking gives some idea of what needs to be done to completethe
transformation.
The obvious agreementbetweenthe inventorsof new methodsIS their
assumptionthat scaledrawingscan no longerbe the maininstrumentsof designing.
This,is becauseinnovationatthesystemlevelrequiresfreedomto drasticallyalternot
onlythecomponentsof whicha productis madebutalsothekindsof productthatgoto
makeupa newsystemandtheorganizationof thecommunitythatthenewsystemis to
serve.A secondpointof agreementbetweendesignmethodologistsi thatthethinking
(creativityprocess)thatdesignersareaccustomedto keepto themselveshasnow to be
externalizedso thatthemanypeople(includingusers),whoseknowledgeis relevanto
designingat the systemslevel, canput forwardtheir ideasat an earlystageand can
shareinthetakingof criticaldecisions.An equallygoodreasonfor externalizingdesign
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thinkingis to makepossibledesignautomationi.e. theuseof computersto speedup
thosepartsof thedesignprocessfor whichthethinkingis sufficientlywell understood
.toberepresentedby a mathematicalmodelor process.
The most characteristicfeatureof the literatureon designmethodsis the
prevalenceof block diagrams,matricesandnetworksof mankinds thatresembleto
varyingdegrees,thediagramsandcalculationsthatcomputerprogrammersuse.It can
beregardedto thismappingof interrelationshipsasanattempto find somethingmare
tangiblethanthinkingbutlessdetailedthana scaleddrawing,withwhichto portraythe
complexityof desiringat thesystemslevel:a meansof givingthesystemsdesignera
wideenough"perceptualspan".
This key ideaof a networkseemsto bebothusefulandmisleading.It is useful
whenthe itemsandrelationshipsof which it is composedcan be relatedto physical
entitiesthatarecapableof beingmeasured,or madeto exist.It is, however,only too
easytoforgetaboutherelationshipbetweenthenetworkandtherealworld(existingor
possible)andto deceiveoneselfintobelievingthatwhatevercanbedrawnasa network
canalsobeproduced.A recurrentdifficulty,is thatof distinguishingbetweenrealistic
andunrealisticnetworksandof decidingwhatvariablesor categoriesto represent.So
farat least,this seemsto be a skill thatcanbe "learntby doing" but is difficult or
impossibletoteach.
Onecouldsumup thewholebusinessof designingatthesystemslevelby the
analogywith an explorerlooking for hiddentreasure.A new problemis like an
unknownland,of unknownextentin whichtheexplorersearchesby makinga network
ofjourneys.This networkis notsomethingthatexistsbeforethebeginning,butthereis
anapproachto invent,eitherbeforethestartorasit is proceeded.
Designmethodsarelike thenavigationaltoolsandchartsthatareusedto plot
thecourseof thejourneyso asto maintainsomecontroloverwherecues.The process
continuesuntil it is boundto comeacrossthetreasurelongbeforeit hasbeensearched
everymillimeterof theground.Themainobjectiveof a designer,in mappingthetrack
ofthesearch,is to makeasmuchsenseascanbemadeof everyfragmentarycluethat
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hecanfind sothatit canbe arrivedat thetreasurewithoutspendinga lifetimeon the
search.Designing,like navigation,would be a straightforwardmatterif one did not
haveto dependuponinadequateinformationin thefirst place.Thepointat whichthis
analogybreaksdown is in the natureof the spaceto be searched,The designer's
landscapeis hiscreativity,unlikethatof theexplorer,is anunstableandimaginaryone:
It changesits formaccordingto theassumptionsthattheindividualis obligedto make
andaccordingtothewillingnessof othersto putonesownplansintoeffect.
Hereaquestionmaybeaskedif thereis anyconnectionbetweenintuitive(black
box)methodsand rational(glassbox) methodson the other.A relatedquestionis
whetherthemanymethodsaretoberegardedasalternativewaysof designingor elseas
elementshatcanbecombinedwithina singledesignstrategy.The answerto thesetwo
questionsi thatnoneof thedesignmethodsthathaveappearedsofar is ascompleteas
it looksandthatsomemixtureof bothrationalityandintuitionis neededin thesolving
ofanydesignproblem.Thewayin whichthismixingof judgmentandcalculationis to
beachievedis not settled,and is perhapsnot capableof beingsettled,exceptfor a
particularproblemandfor a particularperson.It dependsuponthequantityof objective
evidenceavailableandupontheskill andexperienceof whoeveris to dothemixing.
Having it to be the designteamto constructits own strategies,using any
combinationof new or old methodsthat may seemappropriate,thereremainsthe
questionof understandingwhat one is doing. Is thereany generaltheory,or setof
principles,to whichonecanreferselectingandcombiningdesignmethods?The plain
answeris "no". nothinglike enoughis yetknownaboutthebehaviorof designers,or
aboutdesignproblems.to attemptanexplanationthatcouldbeverifiedbestobservation
andexperiment.All thatcanbedoneatpresentis classify,andspeculate,in thehopeof
makingit easierto understandwhat it is thatmakesthe constructionof an effective
designstrategy,in which rationalandintuitivemethodsarecombined,so difficult for
manypeopleto doandfor anyoneto explain.
It shouldbementionedthatnoteveryonesharestheviewthatdesigningcannot
atpresentbeexplained.(Archer1968),in histhesisonthestructureof designprocesses,
presentsa unifiedrationalpicturethatis explicableat all points,oncetheprotagonists
85
haverecordeda setof micro-judgementsuponwhichtheprocessis based.As will be
seenin thefollowingmuchlooserview of designing,thereis reasonto doubtwhether
.proposalsfor restrictingintuitiontothestartis possiblein theuncertain,thatpreciseand
accompaniesinnovation.Theremay,however,be manywell-defineddesignproblems
towhichArcher'srationalprocedurecouldbeusefulapplication
Designingasa three-stageprocess:
It is oneof thesimplestandmostcommonobservationsaboutdesigning.And
one,upon which manywriters are, is that it includesthe threeessentialstagesof
analysis,synthesisandevaluation.Thesecanbedescribedin simplewordsas"breaking
theproblemintopieces","puttingthepiecestogetherin a newway"and"testingto
discovertheconsequenceso/puttingthenewarrangementintopractice".Most design
theoristsagreethat it is usualto cycle manytimesthroughthis scienceand some,
(Asimow,Watts,1966)suggesthateachcycleis progressivelylessgeneralandmore
detailedthantheonebeforeit.
The threestagesthataredescribedbelowdonotnecessarilyfit togetherto form
auniversalstrategycomposedof evermoredetailedcycles.Theyaremoreelementary
thanthatbeingmerelycategoriesintowhichthemanylooseendsof designtheory,asit
nowexists,can be discussedat the inexact,or faithful, level that designerspartial
knowledgeandpartialignorancepermit.
Thethreestagesareherenameddivergence,transformationandconvergence.
Thesenamesaremeantto refermoreto thenewproblemsof systemdesigningthanto
thetraditionalproceduresof productand of engineeringdesign.Confusing and
unhelpfulas it may be to a professionaldesignerto think of thesethreethings,as
separated,thereis littledoubtthattheirseparationis prerequisitetowhateverchangesof
methodologythe necessaryat eachstagebeforetheycan be reintegratedto form a
processthatworkswell atthesystemslevel.
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2.2.1DIVERGENCE
This termrefersto theactof extendingtheboundaryof a designsituationso as
it hasa largeandfruitful enoughsearchspacein whichto seeka solutionthis is the
creativitysectionthatthehumanbraindealswith.All themethodsof exploringdesign
situationfall into this category(Jones p65). The propertiesof this categoryare as
follows;
(a)Theobjectivesareunstableandtentative,
(b)Theproblemboundaryis unstableandundefined.
(c)Evaluationis deferred:nothingis disregardedif it seemsto berelevantheproblem
howevermayconflictwithanythingelse.
(d)Thesponsor'sbriefis treatedasa startingpointfor investigationandis expectedto
berevisedor evolved,duringdivergent(creative)search,andpossiblyatlaterstages
aswell (butnotwithoutthesponsorsagreement).
(e)Theaimof thedesignersis to deliberatelyincreasetheuncertainty,to letthemselves
getpreconceivedsolutions,andto reprogramtheirbrainswith a massof information
thatisthoughtoberelevant.
(f) Oneobjectiveof researchcarriedout atthis stageis to testthesensitivityof such
importantelementsassponsors,users,markets,producersetc.totheconsequencesof
shiftingthe objectivesand problemboundariesin manydirectionand to varying
degrees.The directionsin which suchsensitivitiesare exploredmay dependvery
muchon whatinconsistenciesandconflictsarefoundto be presentin theexisting;
situation
It maybeusefulto thinkof divergentsearchasbeinga testingfor stability,or
instability,in everythingconnectedwith theproblem.An attempto discoverwhat, in
thehierarchyof communityvalues,systems,productsandcomponents(andalsoin the
mindsof thosewhowill takecriticaldecisions)is susceptibleto chanceandwhatareto
beregardedasfixedpointsof reference.Stableandunstablepointsarejust as likely to
bediscoveredat thatlow levelof productsandcomponentsas theyareat thehigher
levelsof collectivegoals and personalvaluejudgmentsno orderlypicturecan be
expectedto emergeatthisstage.Theaimof thedesignersis to avoidasfaras it canbe
87
done.Imposinga prematurepatternuponwhatthedesignerdiscovers.Decisionsshould
bedeferreduntilthenextstage,bywhichtimetheindividualshouldknowenoughabout
.thebackgroundof the problemto be ableto envisagethe probableconsequencesof·
organizingdatain anyselectiveway;.
It shouldbe notedthat the methodsappropriateto this stageinvolve both
rationalandintuitiveactions(Jones,p66)andthatmanyof themrequireleg-workrather
thanarmchairspeculation.A commonerrorof newcomersto designmethodologyis to
befartoospeculativeatthisstageandto fail to seethepointof fact-findingbeforeany
criticaldecisionsaretakenandbeforediscoveringwhatit is thatis to be lookingfor.
Theskills necessaryfor this pre-designactivitycomemuchmorereadilyto people
trainedin suchsubjectsas easywriting scientificresearchandstatisticalanalysisthan
theydo to thosewho havebeentrainedfor the designprofessions,i.e. engineering,
architecture,industrialdesign,urbanplanningetc.Designersmayhavequitea lot of
unlearningto do beforetheycan maintainthe detachment,flexibility andbreadthof
viewthatis appropriatebeforedesigndecisionsaretakenandbeforeit is wise to get
involvedin anythingapproachingacut-and-driedsolution.
The costsof this kind of pre-designwork can easilybe out of control.It is
essentialto anchorthework to realisticjudgmentsof themagnitudeof thepenaltiesfor
notcollectinginformation,which is usually done by the producer.It is equally
necessaryto diverta proportionof thesearchcostto thebusinessof guidingthesearch
ratherthancarryingit out.It is, for instance,moreimportanto verifythatthereliable
andrelevantsourcesof informationarebeingtappedthanto go ontappingin thehope
thatsomethingusefulwill turnup,orjust becausethesearcherhappensto knowthatthe
sourceof informationexists.Themainerroratthisstageis to askthewrongquestions.
Thetasksof posing questions,of deciding,whereto go for the answersand of
estimating;how roughor precisetheanswersneedto be, shouldbe givento themost
experiencedandintelligentpeoplewhosehelpcanbe enlisted.In shortit canbe said
thattheaimof divergentsearchis to de-structure,or to destroy,theoriginalbriefwhile
identifyingthesefeaturesof thedesignsituationthatwill permitavaluableandfeasible
degreeof change.To searchdivergentlyis alsoto provide,as cheaplyandquickly as
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possible,sufficientnew expenenceand new creativeideasto counteractany false
assumptionsthatthedesignteammembers,andthesponsors,heldatthestart.
2.2.2TRANSFORMATION
This is thestageof pattern-making,fun,high-levelcreativity,flashesof insight,
changesof set,inspiredguesswork;everythingthatmakesdesigninga delight.It is also
thecriticalstagewhen big blunderscan be made,whenwishful thinkingor narrow
mindednesscanprevailandwhenvalid experienceandsoundjudgmentarenecessary.
Thisis thestagewhenjudgmentsof values,aswell asof technicalities,arecombinedin
decisionsthat shouldreflectthe political,economicand operationalrealitiesof the
designsituation.Outof all thiscomesthegeneralcharacter,or pattern,of whatis being
designed,a patternthatis perceivedasappropriatebutcannotbeprovedto beright.As
hasbeenpointedoutbyManheim(p67)onecannotachieveanoptimalsolutiononlyan
optimalsearch.Thereis no way of beingsurethatwhatis donewill, in the end.be
"best".Beer(1966)suggesthatonlyin retrospectcanonedecidethatthesearch,rather
thanthegoalwasworthwhile.
Many methodsentail small degreesof transformationhere and there.The
methodsthatarepredominantlytransformationalndaregroupedtogether,methodsof
searchingfor ideas,methodsof exploringproblemstructure.
The chief characteristicsof the transformationstage which can occur
unexpectedlyat anytimebutwhichshouldonly be appliedaftersufficientdivergence
hasoccurredarelistedbelow:
(a)Themainobjectiveis to imposeupontheresultsof adivergentsearch.A pattern
thatis preciseenoughto permitconvergenceto the singledesignthat must
eventuallybe decideduponandfixed in everydetail.The chosenpatternmust
reflectall the realitiesof the situation.Pattern-making,is the creativeact of
turninga complicatedprobleminto a simpleoneby changingits form andby
decidingwhatto emphasize'andwhatto overlook.
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(b)Thisisthestagewhenobjectives,briefandproblemboundariesarefixed,when
critical variablesare identified,when constraintsare recognized,when
opportunitiesaretakenandwhenjudgmentsaremade.
(c)It isalsothestagewhentheproblemis splitupintosub-problemseachofwhich
is judgedto be capableof solutionin series,or in parallel,andin relative
isolation.The instrumentsat thisvital stagearethe specializedwordsand
symbolsthatareinventedtodefinesectionsof theproblem.Thesecomprisethe
"problemlanguage"uponwhichsubsequentworkwill bebased.
(d)Themostimportantrequirementsforasuccessfultransformationare.firstly,the
freedomtochangesub-goals,in orderto findfeasiblewaysof avoidingmajor
compromises,and, secondly,the speedwith which the feasibilityand
consequencesof anyparticularchoiceof sub-goalscanbe predicted.This
secondrequirementis almostyou askfor theimpossiblebecausetheactof
changingsub-goalsi thatof jumpingto analtogetherdifferentdesign.Sucha
changecouldintroducea fataldelayinthefeedbackofexperiencebywhichthe
choiceof sub-goalsmustbe informed.At thetraditionallevelof product
designing,quickfeedbackis ensuredby relyinglargelyon thechiefdesigner
judgmentandonthespeedandreliabilitywithwhichhecantryoutalternative
designs"on thebackof anenvelope"or "on a tissuewhenat a dinnerin a
restaurant".At thesystemlevelthechangingof sub-goalsinvolvesthetestingof
alternativeproducts,aswellasofalternativecomponents,andfeasibilitycanno
longerbepredictedbyexperienceorbysketching.In thiscasethemainhopeis
scientifictesting.One well-chosentest,or "predictoraction",can provide
feedbackonthefeasibilityof awiderangeof alternativeproductdesigns,thus
providingthe designerswith sufficientroom for maneuverfor the
transformationawholesystem.
(e)Thepersonalaspectof designingis mostevidentatthisstage.In general,the
strongerapersonhasamentalgraspoftheworld,themoreintoleranthewill be
of anytransformation,buttheoneheperceivesasbeingcorrect.Thisis where
"designby committee"cango wrong.Any votingthatis doneshouldbe
betweenonetransformationa danother;rivaltransformationsshouldnotbe
mixed,therewill usuallybeseveraltransformationseachcapableof achieving
anacceptable,if different,result.
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2.2.3.CONVERGENCE
Thelastof thethreestagesis thatwhich,traditionally,is nearlythewholeof
designing,butwhich,undertheimpactof designautomation,mayeventuallybecome
thebitthatpeopledonotdo.It is thestageaftertheproblemhasbeendefined,the
variableshavebeenidentifiedandtheobjectiveshavebeenagreed.Thedesigner'saim
becomesthatof reducingthesecondaryuncertaintiesprogressivelyuntilonlyoneof
manypossiblealternativedesignsis leftasthefinalsolutionto belaunchedintothe
world.
Therationalor "glassbox"(Jones,p68)methodsthat,atleastin principle,can
beautomatedcanalsobesharedoutbetweenassistantswhoneednothavein their
minds,a pictureof thecompleteproblemandcandowithoutrapidaccessto relevant
data.Themainfeaturesofconvergenceareasfollows:
(a) Persistenceand rigidityof mindandmethodis a virtue;flexibilityand
vaguenessaretobeshunned.Themainobjectiveistoreduceuncertaintyasfast
aspossibleandanythingthatwill helptoruleoutalternativesthatarenotworth
investigatingis of thegreatesthelp,themainenemyis therapidlyrisingcostof
dealingwiththeprobleminmoreandmoredetailasthepointof convergenceis
approached.Themostimportantdecisionis theorderin whichvariety-reduced
decisionsaretaken.As faraspossiblythisshouldbethereverseoftheirorderof
logicaldependence,thusyieldingalinearstrategywithnorecycling.
(b)Theconvergenceonceptis thatunforeseensub-problemsproveto becritical
i.e.,tobeinsolubleunlessanearlierdesignis changed,thuscausingrecycling.
Theobjectiveof themagicaltransformationstagewas,somehowor other,to
patterntheproblemin suchawaythatcriticalsub-problemsareanticipatedor
avoided,byactionatamoregenerallevel.
(c)Themodelsusedtorepresenttherangeofalternativesremainingshouldbecome
lessabstractandmoredetailedduringconsequence.In·the caseof system
designingneitherthescaledrawing,nor thefull-scaleprototype,is general
enoughfor anybutthelastpartsof convergence.Mathematicalmodelsand
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abstractanaloguesof many kinds are relevantto the earlier stagesof
convergenceand comprisethe main body of knowledgein appliedSCIence.
Beingsowell known,andbeingsoextensive.
(d)Thereis a choiceof two fundamentallyopposedstrategiesfor converging.One
is theconventional"out-instrategy",suchasanindustrialdesignermayemploy
when proceedingfrom the externalshapea telephoneto the arrangementof
buttons,PCB etc.within it. The otheris the"in-out strategy"thatan industrial
designermayalsoemployif begunwith activities,or with buttons,andworks
outwardsto theyexternalshape.Usually it seems,a skilleddesignerwill work
frombothendsatonce.Creatingproblemsfor oneatthepointswhereout-inand
in-outmeetandprobablyfail to match.
(e)Manyof the new designmethodsimply an exclusivelyin-out strategywith
solutionof sub-problemsin isolationbefore any thoughtis given to their
combination,the solutionof sub-problemsis independentof their mode of
combination.To sumup we can saythatto convergeis to reducea rangeof
optionsto a singlechosendesignasquicklyandcheaplyascanbemanneredand
withouttheneedforunforeseenretreats.This is theonlyaspectof designingthat
appearsto lend itselfto a wholly rationalexplanationandwhich can,in some
casesat least,be doneentirelyby a computer.Thereremain,however,some
doubts.
Thesecanbesummedup in thethoughthata rationaldescriptionof how onegotthere
lastimenotbeanadequateguideto thenextjourneythatoneundertakes.This might
onlybetheproductioninformationthatwouldbe a guidedtour in "how to get"to the
solutionbutnotonhow"it hadbeen"tothesolution".
2.3.CHOOSING DESIGN STRATEGIES AND METHODS
Theterm"designstrategy"is usedto meana list of actionstakenby a designer
(Jones,p75), or by a planningteam,in orderto transforman initial brief into a final
design.The teamis to consistof variousindividualssuchas engineering,marketing,
manufacturing,advertisingandotherpersonnelthatmaycometo mindwhowouldbeof
helpinthedimensioningandinfluencingof thedesign. Theactionsof whicha design
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strategyis composedcanbedecidedattheoutsetortheycanbechangedaccordingto
theresultsof previousactions.Each"designaction"canconsistof whateverthe
. designerschooses.Someactionswill benewmethods,andsomewill be traditional
actionslikesketchingor scaledrawing,whileothersmaybenovelproceduresthatthe
designersinventforthemselves.
Whena designmethodis, by itself,sufficiento solvea designproblem,it is
calleda "strategy",butmostof thenewmethodsareinsufficientto dothisandare
classifiedhereas actionsout of whichcompletestrategiescanbe composed.The
analogywithmilitarystrategiescanbemisleadingso it is bestto thinkof a design
strategysimplyasalistofthemethodsthatoneintentstouse.
It ishelpfultoclassifydesignstrategiesaccordingtotwocriteria(Jones,p76):
a-)Thedegreeofpre-planning
b-)Thedegreeof search
Pre-plannedstrategiesarerigidlyfixedinadvancejustlikecomputerprograms.
Theyaremoresuitedto familiarthanto novelsituations,i.e. to assemblesor to
modificationsof existingdesignsratherthantotheinventionof newproductswhichis
actuallybeendoneat a veryhighratein Turkishmanufacturingfirms.Although
practicingdesignersmaybe unwillingto admitit, muchdesignwork followsa
predictablepatternandisthereforecapableofbeingdonebyacomputer.Ideallyapre-
plannedstrategyis linear,beingcomposedof a sequenceof actions.Eachactionis
dependentupontheoutputof thelastbutmustbeindependentof theoutputof later
stages,(fig.2.3.a.)
If anearlierstagehastoberepeatedaftertheoutputof a laterstagebecomes
knownthestrategybecomescyclic.Sometimestherewill be two or morefeedback
loopsnestinginsideeachother,asinfigure2.3.b.
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Fig.2.3.b.Cyclic strategy
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return?
This patternof loops is typical of many computerprograms.It resembles
progressin a gameof snakesandladdersin whichthereareno laddersbutonlysnakes.
Thedesigner'smainenemyis the endlessloop or "vicious circle", out of which he
cannotbreakunlessthe patternof theproblemis changed.When designactionsare
whollyindependentof eachothera BranchingStrategy,Fig.. 2.3.c.,is possible.This
canincludeparallelstages,whichhavethegreatadvantageof increasingthenumberof
personsworkingon theproblemat onetime,or alternativestageswhich allow some
adoptionof strategyaccordingtotheoutcomeof previousstages.
----~ISmge1 i---_~ISmge 2
Fig.2.3.a.LinearStrategy
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AdaptiveStrategies,figure2.3.d,arethosein whichonly thefirst designaction
aredecidedat the start.The choiceof each actionthereafteris influencedby the
outcomeof thepreviousaction.This is, in principle,themostintelligentstrategyin that
thesearchpatternis always being guidedby the best availableinformation.The
disadvantagesarethatof beingunableto predictor to controldesigncostanddesign
time.Manypeoplepreferto useanAdaptiveStrategybecauseit givesfull scopeto the
human(or animal)abilityto actcorrectlyon impulse.A reliablebutmodestversionof
adaptivesearchis theIncrementalStrategy,Fig. 2.3.e.This conservativestrategyis the
basisof traditionaldesigning,particularlyin craft-basedindustries,andis alsothebasis
ofmanyproceduresfor automaticoptimization(Wilde, 1964).
Parallel
Stages
Fig.2.3.c. Branchingstrategy
'---y----J '---y----J
Selection Alternative
Stage Stages
. 95
IIMIR YUKSEK TEKHOLOJi ENSTirOsO
REKTORlUGU
Brief
Decidewhat
sta e 1is tobe
Carryout
stage1 Outcome
of stage1
Decidewhat
stage2 is to be
Carryout
stage2 Outcome
of stage
2
Decidewhat
stage3 is to be
Carryout
stage3
Etc.
Fig. 2.3.d.Adaptivestrategy
Brief Re-assessan
existingsolution
Exploreafewminor
modifications
outcome
Adjustexisting
solutionto
Fig. 2.3..e. Incrementalstrategy
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A completelyunplannedstrategy,knownasRandomSearch,figure2.3.f, is in
somecasesthebestpolicy.
Select,atrandom,a point
in thenareaof search
Figure2.3.fRandomsearch
Identifythesolution,if
any,atthatpoint
This seeminglyunintelligentstrategyis appropriatewhenit is requiredto find
manystartingpointsfor independentsearchesoverawideareaof uncertainty.Eachstep
ischosenin deliberatedisregardof theoutcomeof theotherssoasto makethesearchas
unbiasedas possible.The principleof randomsearchunderliessuch proceduresas
method1.3.4.Brainstorming,andis applicableto noveldesignsituationsin which it is
unwiseto dismissanyproposedsolutionwithoutfurtherinformation,e.g.thesearchfor
waysof usinganewsyntheticmaterial.It is interestingto noticethata"randomnumber
generator"is anessentialcomponentof mostattemptstomakeintelligentmachines.
Adaptiveand incrementalstrategiesare intendedto permitvaryingdegreesof
changein thepatternof searchwhile it is takingplace.StrategyControlMethods,or
self-organizingdesignsystems,StrategyControlMethods,or self-organizingdesign
systems,figure2.3.g, aremeantto evaluatestrategyas whole in relationto external
criteriaandtothepartialresultsof thestrategyitself
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Figure2.3.g StrategyControl
This aimis to ensurethatstrategiesarecontinued,in thefaceof difficulties,for
aslongastheyholdpromise,butthattheyarealteredor abandonedwhentheycaseto
matchtheexternalsituation.
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PART 3
CASE STUDY OF A BICYCLE
3.1Problem Statement
A greatvarietyof bicyclesare usedto mobilizepeople.As a resultof
manufacturingandproductionprocessesbyartisans,andsmallseries,thesevehiclesare
usuallynotsomuchofacomfortabledesign.
TheBicycleprojectaimsatdevelopinga newgenerationof mobilityfor the
Turkishindustry,whicharecharacterizedby an attractiveappearanceandoptimal
functioning.Theproductswill bemanufacturedinseriesforaninternationalmarket,but
atthemosttobeinvolvedin nationalsales.In thebicycleproject,thedevelopmentof
mobilityaidsforthefunctionsof cyclingwill beadominantpointintheconstructionof
thebicycledesign.The targetgroupwasmaturemenandwomen.The productis
characterizedbyaneat-likeappearancethatprovidestheuserwitha comfortableride.
Theywill be usedin andaroundthecity for relativelyshortor longandbumpy
distances.
Basedontheinformationavailableandthechoicesmade,a listof requirements
wasdrawnup.Therequirementshavebeenorderedonthebasisof a"processtree".In
thistreethedifferentprocessesinthelifecycleof a producthavebeenestablishedon
thebasisof creativity,divergencetransformationand convergence.The list of
requirementshas beenformulatedas operationallyas possible.Besidesgeneral
requirementsfor theseries,specificrequirementsperproducthavebeengivenin an
essentialwaybytheuseofaschematicdiagraminordertoseethefuturetasksthatwill
bedone.(Figure3.1)
Sincetheproductaimsat theglobalmarket,it mustsatisfyinternational
standardsandguidelinesin thecategoriesof "productsforthehumanbeing".Besides
generalrequirementsalreadymentioned,good drivingcharacteristics,afetyand
comfortarespecialimportanceformobilityaids.
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3.2Analysis
To determinewhich productserieswas to be developedfor the functionof
cycling, the needs for mobility were analyzed.Different needs arise from the
combinationof mobilityfunctionsandtheabilitiesof thehumanbody.
3.2.1 TheHumanEngine
The humanengineis similar to a combustionenginerequiringa continuous
supplyof oxygenandfuel to maintainits efficiency(Ballantine,pIS). It works most
effectivelywhenthepoweroutputandoxygenintakearebalanced.Workingthebody
toofastcausespanting~runningit over-hardcauseswasteby-productsto accumulatein
themuscles,whichleadsto painandcramps.
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The arm musclesbothhelpto controlthebike andto movethebodyposition
backandforthoverthehandlebars.Avoidinglockingof elbowsstraight-bendingthem
helpsabsorbanyroadshocksata limit.Backmuscles,whichare thebackandstomach
muscles,arenot directlyemployedin pedaling,butoperatein equilibriumto keepthe
upperheadpositioned,andthechestopen.Lower backmusclesarenotfully exercised.
Thethighmusclesarethelargestandmostpowerfulmusclesthatthecyclistutilizes.In
thethighthequadsandthehamswork in harmonyto drivethepedalsaroundthebike
forward.As thequadsarepusheddownwiththequadsatthetopof thethighandtheleg
extended,thehamsunderneathcontractobringthelegbackupto completethecircular
pedalingmotion.Straincanoccurif unnecessaryforceis appliedby havingthesaddle
toohighandoverstretchingthequads,ortoo low andovercontractingthehams.In the
lowerleg,thegastrocnemius(calf muscle),is connectedto thethighbonebehindthe
kneeandtheAchillestendonabovetheankle.Upperandlower legmusclesleverand
pivotthroughthe knee.Pedalingat an aerobiccadenceor 80 rpm (revolutionsper
minute)bendsandextendstheknee4,800timesan hour. Strainoccursif a kneeis
pulledoutof its verticalplaneor if thepedaltwiststhefootoutof itsnaturalalignment
withtheknee.(Figure3.2.1)
Back
muscles
Thigh
muscles
Leg/ Knee
muscles
Gluteal
muscles
Hamstrings
Quadriceps
muscles
Deltoid
Trapezius
Latissimus
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Pectoralis
Biceps
Bracialis
Ann
muscles
Figure3.2.1.Thehumananatomy
3.2.2Sizing
Oneof themostimportantfeaturesis how thebike fits therider.Performance,
comfort,andtheriskof injurycanbeeffectedbyvariations,sometimesaslittleas5 mm
intheridingposition,so it hasto bemeticulousaboutestablishingthebikesizeandthe
cyclingposition.The methodfor doingthis arewell founded,althoughnot infallible.
Physicallythehumanbeingis unique,for this adjustmentshouldbe madefor oneself
ownphysiqueandtypeofriding. (Figure3.2.2.)
HEAD ANGLE:
1his resultsfrom
theframesize,seat
angle, top tube
length,frontwheel
clearance,and the
quickness of
steering.
TOP TUBE
CLEARANCE:
The combinedtop
tubeandthe stem
length should
ideallypositionthe
handlebarsothatin
a normal riding
positionthe front
hubaxleis blocked
fromthe view by
thehandlebar •
Figure3.2.2.Sizing
CLEARANCE :
Clearancebaween
crotchandtoptube
of 2.5 em on
touring bikes 6
racingand7.6 or
morefor mountain
orhybridbikes. ,...
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•
SADDLE HEIGHT:
The formula for the
heightis;
Inseam leg length X
0.885=Distancebetween
the top of saddleand
centerof bottombracket
axle.
SEAT POST
Exposureshouldbe
8.9-12.7 em for
racing,7.6-10.2 em
for touring, and
15.2-20.3 em for
mountainrides.
SEAT POST
These range from
68°_75°with72°_74°
mostcommon..
3.3.DesignSpecifications
Basedontheinformationavailableandthechoicesmade,a list of requirements
wasdrawnup.Therequirementshavebeenorderedonthebasisof a "processtree".In
thistreethedifferentprocessesin thelife cycleof theproducthavebeenestablishedon
thebasisof themainprocessesof production,distribution,useby riders,anddisposal.
The list of requirementshas beenformulatedas operationallyas possible.Besides
generalrequirementsfor theseries,specificrequirementsperproducthavebeengiven.
Since the product alms at the global market it must satisfy international
standardsandguidelinesin thecategoriesof "productsfor theadultuseraimedto be
producedbytheTurkishindustry".Besidesthecharacteristicsalreadymentioned,good
drivingcharacteristics,afetyandcomfortareof specialimportancefor mobilityaids.It
wasdecidedto attunethenecessaryinvestmentandmanufacturingtechniquesto a total
seriesof 5000pieces.
Furthermore,the productmustof coursemeeta numberof objectiveswhich
applyto everyproductsuchas,"standardizationof partsandmaterials"and"minimal
dimensionsattransportation"
3.4.Imaging
The productseriesmust be attunedin major to the Turkish usersbut also
includinginternationalriderssinceexportingthegoodsstill givesan importance.To
gaina betterinsightintowhatthisactuallymeans,literatureon "bicycles"was studied
andsemanticfeaturesof bicycleswereanalyzed.For adultsthephrasewasto include
eachage-groupof teen-agers.Semanticfeatureswith regardto form,color, andtactile
characteristicsof bicycleswererelatedto theridersconceptof lookingupontheword
bicycle.
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3.5.ConceptualDesign
In generatingconcepts,usehasbeenmadeof a methoddeveloped.The coreof
this method is that a numberof different abstractionlevels is passedthrough
systematically,duringwhich on eachlevel as manyalternativedesignproposalsas
possiblearegenerated.
To beableto work in theproperproportionsof adult'sbodymeasurements,and
togainagoodimageof thecombinationof userandproduct,all positionsarevisualized
withthehelpof standards8.
Althoughtheentireproductserieshasbeenelaboratedinto concepts,only the
furtherdevelopmentof the"standarduse"of a cyclistwill bedescribed9.
First, solutionswere generatedin which only the place of the different
"elements"variedin respecto eachother.Theelementsarethesupportingsurfacesand
differentypesof wheelsalsoincludingdifferenttypesof framestructuresanddifferent
combinationsweredone.Onthebasisof theproductimageandfunctionalaims,suchas
maneuverability,stabilityanddrive,a configurationwith a choicebetweenan amorph
typeof bicycleor a mostlyindustrialtype(thatcouldbemanufacturedatminimalcost).
Thecombinationmayalsobedivergedto a designwithuseof a shockabsorberor even
itwouldbeableto playwiththegeneralstructureof thesittingculture.Theconceptwas
to changethe sittingpositionof the regularbicycle to a positionof the recumbent
bicycle.
This so-called"topological"solutionprinciplethenfunctionedas "carrier"for
thedevelopmentof different'1ypes"of solutions.As manysolutionsas possiblewere
generatedwith the help of sketches.Three solutiontypes could be distinguished:
: HenryDreyfussAssociation
Richard'sUltimateBicycleBook
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"amorphconstruction","tube-likeconstruction",and "shock-absorbingconstruction"
(Figure3.5).
Figure3.5"amorphconstruction"&
"shock-absorbingconstruction"
These solutiontypes are not only concepts,but imagesof possibledesign
directions.The visual imageof the productis especiallyimportantin this phase.
Solutiontypes,however,shouldberealisticin atechnicalsensetoo.
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The designthatwas approachedwas a "bicycle"but it was right to takethe
designconceptnotonly asa two wheelconvenientbut muchto be a designof a two
wheelhuman-poweredvehicle.Thereforeatthisphase(creativityblock) it wasthought
to change(provocation)the sittingpositionto a positionof a humansitting in an
automobile(Figure3.5.b).Thispositionwouldbemorecomfortablethanregularsitting
positions.Thenamefor thissortof bicycleis "recumbent".
Figure3.5.bChangeof regularsittingposition
Human-poweredvehicle(HPV) designsvaryaccordingto functionandpurpose
(Ballantine,p128).A cyclistwho averages30 km/hon a conventionalracingbikewill
increaseto around35 km/h in this type of design.The designsembracea rangeof
objectives:greaterspeed,betterhandling,morepowerfulbraking,largercargospace,
greatercomfortandsafety,andweatherprotection.Thedesignvaries,butimprovingthe
performanceby reducingaerodynamicdrag is usually paramount.At 32 km/h, a
conventionalbicycleand rider displacesome1,000lb. of air a minute,work which
accountsfor about85% of a rider'senergyoutput.MostHPV s arerecumbents,for their
smallerfrontalareareducesdragbyabout25%.
A recumbentis easierto fit witha full-lengthfairingthatsmoothesair flow and
cancutdragbyupto 80%.Maintaining32km/hon conventionalbikerequiresa strong
ridercapableof steadylf4 horsepoweroutput;ona streetHPV withabodyshell,halfthe
effort,1/8 horsepower,is needed.Recumbentalso score on concerningpowerful
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brakingbecauseof betterweightdistributionand/ora lowercenterof gravity.The net
effectinspiresconfidence,andresultsin betteriding.
The conceptto be usedwas decidedwith thehelpof the researchon primary
schoolstudents.Oneprimaryschoolstudent(childcreativity)cameoutwithan ideaof
abicyclelookinglike a limousine(Figure1.2.1)
"I wantto
myfriends
ridewith me"
;:I' .• L .~..••-.,.. - ..•;,..r", •••..r_:)
',.. (> (= :t•. S·..;:. ,';'", ,i'; ••.•••.:5,";i' -:;.• ,,£ ;2,:.•.
~::~"''''::'~ ,...•.e•..~ ""'. g~,~t.1-,,~"'~.Q'!.
"I wantit to
beasbig asa
limousine"
Figure3.5.c Conceptofa child
Outofa varietyof modelsandsketches(figure3.5.d)theprojectbeganto getits
finalshapeandcametoa solutionof adesign.
Figure3.5.dIdeasof a recumbent
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Figure3.5.dIdeasof a recumbent
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Figure3.5.dIdeasof a rcecumbent
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Figure3.5.dIdeasof a alternativebicycles
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Figure3.5.dIdeasof a alternativebicycles
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Belowthefinal structureofthebicycleis included(Figure3.5.e).
Figure3.5.eFinal Structureof theDesign
....:.-.-:-'
Figure3.5.eFinalStructureoftheDesign
Theprojectsideawastohavetherider(cyclist)in suchpositionthatit wouldbemore
comfortablethantheregularcyclistposition.In theabove(figure3.5.d)therearecertain
.pre-workson thebicycle.Thesedesignshavebeenusedto be a stepfor thefinal
structure.Thefirstdesignshadproblemslike,cost,assembly,manufacturingetc.were
busedto getmoreof thedesign.It waschangedwiththeuseof low costmaterial
structure.Thebarthatis in themiddlecouldbemanufacturedfrombothanaluminum
orironmaterial.Thestructureisopenforbothmaterials.Mountingthecomponentsone
tooneis easylike anddonewithrespectto theregularbicycle.Otherelementshave
beenincluded,likethebaggage,andasparecomponentthatcouldbeusedtomounton
thebicycleforotherfriendsof theownertoridewiththecyclist.Sothismightbean
advantageforatwo-ridercycling.
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Theyarethenplacedin ajig whichholdsthematthecorrectangle.Thenthejoints are
connectedbyTIG welding,filletbrazing,or lugs.
Becausethetubesmoveslightlyduringwelding,theframeisn'tconstructedall in one
step.Hereyou seethe frontpartof a frame(Top tube,Headtube,Down tube).By
relievinganytensionwhichwouldbeformedbythismovement,theframewill
notcrackyearslater.
This is themaintriangleof abicycle.At thispoint,it is alignedto .003"to .000".
A verytrueframerideslike no other.Truingatthispointwithoutchainstaysandseat
staysallowsthe seattubeto be movedsideto sidewithoutputtingstresson the seat
stays.The centerlineof all thetubesis alignedwith thedrivesidefaceof thebottom
bracket.Noticethelongheadtube:This is so anaccuratereadingcanbe madeif the
bicycleis verysmall.
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At thispointthereartriangleis assembledandalignedtothemaintriangle.Brazonsare
installedandheadsetreinforcingcollarsaresilversolderedontotheheadtube.
The lastof themanyalignmentchecksis donebeforepainting.
The finishedframesetwithcarbonfork andChrisKing headset.The frameis finished
in thecustomer'schoiceof DupontImron.
The bareframeis coatedwith a rustinhibitor,premieredwith anepoxypaint,sanded,
color coated,baked,decalsattached,andclearcoatedthreetimesoverthedecalsand
onceovertheentireframeset.Thenit is bakedagain.The laststepis an internalrust
proofing.
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The finishedframesetwithcarbonfork andChrisKing headset.The frameis finished
in thecustomer'schoiceof DupontImron.
The bareframeis coatedwitha rustinhibitor,premieredwith anepoxypaint,sanded,
color coated,baked,decalsattached,andclearcoatedthreetimesoverthedecalsand
onceovertheentireframeset.Thenit is bakedagain.The laststepis an internalrust
proofing.
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